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WIDE BAND 

SIGNAL GENERATOR 


Type T.F.M. 


The design of this new Wide Band Signal Generator, 
operating throughout on fundamentals, is the out¬ 
come of considerable research and development work to 
meet the stringent requirements imposed by new fre¬ 
quency modulation and commercial television stations. 



* AUTOMATIC COIL WINDER £ ELECTRICAL EQUIPMENT CO,LTD 
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For Communal T/V 

Aerial Systems 

BICC make all types of radio frequency cables 
for communal television aerial systems in flats, 
hotels, television showrooms, hostels and hospitals. 

Typical of the most popular range is a cable 
having an inner conductor of copper wire, insulated 
with cellular polythene dielectric and lead alloy 
sheathed, thus giving excellent screening properties 
with low attenuation. For certain situations a 
protective P.V.C. oversheath may be provided. 

Further details are given in Publication TD T 
23—available on request. 


BICC 


CELLULAR POLYTHENE 

RADIO FREQUENCY CABLES 


BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 BLOOMSBURY STREET, LONDON, W.C.1 
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To be exact, this is the 12 pin 
version of the Multi-Way Plug and 
Socket range, which covers 4, 8, 12, 20 
and 28 ways. The range features un¬ 
usually low insertion pressures, and 
embodies considerable experience in 
meeting humid conditions. Designed to 
overcome as far as possible the difficulties 
encountered when using this type of 
connector in rack mounting applications, 
they have greater latitude in matching up 
than any comparable product, and are 
in use throughout the world in Radio, 
Television and Telecommunications 
equipment by such renowned firms as:— 
Messrs. Marconi’s Wireless Telegraph Co. 
Ltd., The English Electric Co. Ltd. and 
Messrs. Standard Telephones & Cables Ltd. 



R.B - APPROVED 


POWER CONTROLS 

LIMITED 



PHONE: NEW 3181/2/3 
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T1j r 5 times and places... 

There are times and places where the importance of trouble-free communications 
is beyond assessment. Faults, when they do occur, so often happen at precisely 
the wrong moment and under the most unfavourable conditions. 

The choice of the best possible valves is perhaps one of the greatest steps towards 
reliability. When thinking of valves, avail yourself of Mullard’s long experience 
in and vast resources for the manufacture of nearly every type of valve for mobile 
reception and transmission. Whether your equipment is old, new or yet undesigned, 
a technical advisory service is ready to assist you in the choice of types and correct 
operating conditions of electronic valves. 

Milliard ^ 



Mullard Limited - Communications and Industrial Valve Department ■ Torrington 


■ London W.C.1 
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for the closest 
approach to the 
original sound 




® 27212 ) 23 



Telephone: HUNTINGDON 361. 
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"NOW THAT'S 
WHAT I CALL 
GOOD 

ENGINEERING" 


Technically, of course, there are no longer any great difficulties to be 
overcome in the production of a good Tape Recorder. Certainly no more 
than those which face the manufacturer of any other cohiparable piece of 
equipment. Success or failure depends solely upon his interpretation of the 
word “good”. 

With us it means, first of all, limitation of output. We do not believe that 
a highly complex instrument like the Ferrograph can be manufactured on 
conveyor-belt principles—any more than can a fine watch or a precision camera. 

Secondly, experience has taught us that for a Tape Recorder to give lasting 
satisfaction a great deal of critical and unhurried supervision is essential at 
every stage of its manufacture. It is, in fact, this liberal expenditure of time 
and money—this ceaseless search for perfection—that has been so largely 
responsible for creating the almost legendary reputation enjoyed by the 
Ferrograph among those to whom performance counts much more than price. 


BOTH FERROGRAPH MODELS HAVE THESE FEATURES: 


FERROGRAPH 66 
Model 66N 3| and 7J i.p.s. ... 84gns. 
Model 66H 7£ and 15 i.p.s. ... 88 gns. 
(including 1,750 ft. Ferrotape on 8%" reel) 


Three Independent Motors • Synchronous Capstan Drive • Recording 
Level Meter • Uses 8 £" Reels • One-Knob Control • Two Speeds with 
Lever Change • Bass and Treble Cuts • Tropicalised Components 
Plays British and U.S. pre-recorded Tapes • watts Undistorted Output 
Automatic Motor Cut-off. 


ZAe, /*u 

BRITISH FERROGRAPH RECORDER CO. LTD • 131 Sloane Street, London, S.W.I • Tel: SLOane 2214/5 and 1510 

Subsidiary of Wright and Weaire Limited. 
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In buying solder for manufacturing purposes there is only one sound 
principle . . . buy the best. 

Otherwise you are risking the dependability of your products and the 
reputation of your firm. 


Incorporating Enthoven’s 
unique 6-channel stellate core, 
SUPERSPEED is everywhere 
recognised as the most efficient 
cored solder wire for general 
assembly work on radio, television, 
electronic and tele-communication 
equipment. But there is 
also an Enthoven solder product 
that is the best for every other 
engineering and manufacturing 
application. Please write today for 
the new edition of our brochure 
“Enthoven Solder Products” 

—or consult us quite freely 
on your particular problems. 



By relying on ENTHOVEN for all your soldering 
requirements you are banking on the best known name 
in the industry—a name that represents nearly iso years 
experience in non-ferrous metals and an incomparable 
record in research and development. 


ENTHOVEN 


SOLDER PRODUCTS 



ENTHOVEN SOLDERS LTD., 89 UPPER THAMES STREET, LONDON, E.C.4. 


MANsion He 


4533 
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A CONFIDENTIAL STAFF LOCATION SYSTEM! 

Verbal Orders Quickly and Quietly 


1 



• It’s new and it’s unique —the Multitone Staff 

• Location System. There’ve been loudspeakers, 

• bells, lights and even buzzers, but not a system in 

• which confidential messages can be delivered to individual 
• members of a staff—whether numbered in tens or hundreds. 

• However compact or scattered an organisation may be, this is 

• going to be the biggest business time-saver yet. Originally developed 
• in conjunction with St. Thomas’ Hospital, this system is now far in 

• advance of anything yet made and is sold at a highly competitive price! 

• HOW IT WORKS. A magnetic induction loop is laid round the building 

• from the Coder/Oscillator unit. Anyone needed to be on call carries a receiver 

• (only 5" long, 1" diameter and it only weighs 5 oz. with battery!). On being 

alerted by his call signal, which is received by him alone, he can hear a direct speech 
message without anyone else being disturbed. 

WHAT IT COSTS. The average cost of an installation with 50 receivers would be under 
£1,500 including the cost of the loop. The receiver incorporates four transistors and is 
powered by a single cell. Since the quiescent current is less than 0.5 m.a. it will only cost 
a few shillings a year to run each receiver—considerably less than any other electronic system. 


multitone 


STAFF LOCATION SYSTEM 


Multitone Electric Co. Limited, 12-20 Underwood Street, London, N.i. Clerkenwell 8022 
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Ferranti Cathode Ray Tubes 


The Electro 


Department of ^8BS81 

manufactures a wide 
>e of Valves and Cathode Ray Tubes for 
lio and Television receivers, illustrated is a 17* 
ctangular tube, one of a range of Cathode Ray 
Tubes available in all the popular sizes. 


FERRANTI LTD • GEM MILL • CHADDERTON • OLDHAM • LANCS 

London Office : KERN HOUSE, 36 KINGSWAY, W.C.2 
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MORGANITE Carbon Resistors and 
Potentiometers fit into Printed Circuitry! 


Over the years MORGANITE Resistors 
and Potentiometers have attained a unique 
reputation for reliability and service. 
Now with the introduction of printed 
circuitry they have swiftly proved their 
worth in this new field. 


MORGANITE Resistors, with their silver- 
plated copper wires, are particularly 
suitable for this type of work, while the 
MORGANITE Type A Potentiometer, the 
most popular control for radio and tele¬ 
vision, has been successfully adapted for 
both horizontal and vertical mounting. 


in— 


MORGANITE Carbon Resistors. Type R (I watt) Type T (£ watt). 


S 'W 

flltto M 


MORGANITE Type A 
Potentiometer, with D.P. 
Switch, for vertical mounting. 
Also available without switch, 
and for horizontal mounting. 



MORGANITE Type A 
Multi-Unit Potentiometer, 
with D.P. Switch, for 
horizontal mounting. Also 
available without switch. 



MORGANIT E RESISTORS LIMITED 

Bede Trading Estate, Jarrow, County Durham. 


EDISON SWAN ELECTRIC CO. LTD., 155, Charing Cross Road, London, W.C.2. 
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PHOTO 

ELECTRIC 

CELLS (Type PG40A) 

for sensing 
punched card and 
perforated tape 


Pioneers in the United Kingdom in the 
manufacture of germanium-junction 
photo-electric cells, S.T.C. have developed 
and produced an exceptionally small 
photo-cell, type PG40A, specifically for 
scanning operations in punched card and 
perforated tape machines. 

SenTerCel type PG40A germanium- 
junction photo-electric cells, with a 
diameter of only 0.093", make possible 
mass grouping in the minimum space. 
Hermetic sealing using glass-to-metal 
seals ensures long life and stable 
characteristics. Write for technical data 
sheets GER/101A to: 


Standard Telephones and Cables Limited 

Registered Office: Connaught House, Aldwych, London, V/.C.2 

RECTIFIER DIVISION: EDINBURGH WAY • HARLOW • ESSEX 
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Designed to protect 
electronic instruments and other 
sensitive equipment from 
VIBRATION and SHOCK 




Type GB 770 (A.R.B. Ref. No. £3518). 
For loads from £ to 9 lb. 



“ BARRYMOUNT ” Air-damped Isolators have 
been specially developed to provide assured protection 
for sensitive equipment against vibration and shock. 
An outstanding feature is their remarkably uniform 
performance over the full rated load-range. 

Over 1,000,000 go into use every year for the protection 
of every type of air-borne equipment, from the 
lightest and most delicate instruments and electronic 
devices to apparatus up to 140 lb. weight. The three 
types illustrated alongside are installed in the Bristol 
“ Britannia.” 

DISTINCTIVE FEATURES 
® Outstanding in design; simple in construction. 

• Superior vibration isolation. 

• Improved shock absorption. 

H Low permanent set and drift. 

% Operation over wide temperature range. 

• Minimum side sway. 

• Wide load range with uniform performance. 


,N ENGLAND U NDEr L|f . pM ^ 


AIR-DAMPED 



ISOLATORS 


from barry 


OF U S A- 


Writ, for technical bulletins: ' 

CEMENTATION (MUFFELITE) LTD., 20 ALBERT EMBANKMENT, LONDON, S.E.11 (RELiance 6556) 
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RED RANGE CONNECTORS 



FOR BACK RACK MOUNTING 


NOW AVAILABLE 

8 WAY 


\ ^ WAY 


24 WAY 


32 WAY 


24 WAY CONNECTOR 


GOLD PLATED CONTACTS 
POSITIVE POLARISATION 
SELF ALIGNING 
EXCEPTIONALLY LOW 
INSERTION AND 
WITHDRAWAL FORCE 


» WORKING VOLTAGE —750V D.C 

• CONTACT RESISTANCE — LESS 

THAN -005 OHM 

• CURRENT RATING—5 AMPS 

PER CONTACT 

• MOULDINGS —RED NYLON LOADED P.F 

• FLOATING BUSHES ON SOCKET 
MOUNTING PLATES ASSIST 
SELF ALIGNMENT 


SEND FOR FULL TECHNICAL INFORMATION TO 

THE McMURDO INSTRUMENT CO. LTD., ASHTEAD, SURREY 

Telephone ASHTEAD 3401 


JSP/RRC 2 
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Whether you are a radical and like to use modern methods of assembly or whether 
you are a conservative and prefer the tried and trusted methods, Dubilier can 
supply you with the capacitors you require. 

For example, Dubilier can supply you with electrolytic capacitors for television 
receivers made either for ear mounting* or clip mounting. In either case they are 
manufactured with the high ripple current sections required for this purpose. 
These capacitors are assembled and sealed in seamless drawn aluminium cans. 
*For fixing ear mounting types, only four slots are required in the chassis. The capacitor is 
dropped into these slots and a slight twist of the ears secures capacitor firmly. Alternatively, a 
hakelite mounting plate can be supplied for use in those cases where isolation of the capacitor 
can from chassis is required. 


Capacitance 

(l*F) 

D.C. Wkg. 
Voltage 

Dimensions 

Ripple Current 
(mA) 

100—200 

275—275 

4"x If" 

700—300 

50 

280 

3" x If" 

500 

100 

280 

2" x 1F 

550 

50—100 

350—280 

3" x 1F 

500—200 

50—100 

280—280 

3" x IF 

450—200 

200—500 

350—350 

4" x 2" 

700 

64—120 

350—350 

4" x IF 

500 

100—200 

350—280 

4" x IF 

900—300 

100—200 

350—280 

4" x IF 

700 

60—100 

350—350 

4" x IF 

500—200 

60—250 

350—350 

4" x IF 

700—400 

100—100 

350—350 

4" x IF 

550—200 

100—200 

350—350 

4" x IF 

900—300 




DUBILIER CONDENSER CO. (1925) LTD., DUCON WORKS, VICTORIA ROAD, NORTH ACTON, W.3 

Telephone: ACOrn 2241 Telegrams: Hivoltcon Wesphone, London 
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Announces 


all new 


SCOP Bs 

hp- I30A Low Frequency Oscilloscope 

High sensitivity, dc to 300 kc. Sweeps I jusec/cmto 
15 sec/cm. 


*E£5bks-'SS— 


-hp- 150A 


-hp- I50A High Frequency Oscilloscope 

Dc to 10 Me. Plug-in preamplifiers. Sweeps 0.02 
/zsec/cm to 15 sec/cm. 

As a result of a totally new design philosophy, -hp- 130A 
and 150A Oscilloscopes set revolutionary standards for 
oscilloscope usefulness, convenience and rugged dependability. 
The instruments’ wide versatility is indicated in the 
specifications at left. Their greater convenience and 
reliability is inherent in such unique features as: 

Universal automatic triggering system wherein one preset 
adjustment provides optimum triggering for almost 
all conditions. Unitized circuits, easily isolated for testing. 
Etched circuits, mounted on translucent plastic for 
“ see-through ” serviceability. Complete accessibility of all 
circuits and tubes. Highest quality components. 
Ultra-conservative design, with circuits operating well below 
rating. Concentric, colour-coded controls, grouped by 
function and simplified. Direct sweep time selection—no 
mental gymnastics. A new low capacitance clip-on 
probe (for -hp- 150A) has 10 megohm impedance. 

oscilloscope improvements in history ! Call your 
-hp- representative now, or write direct! 

HEWLETT-PACKARD COMPANY 


L1THGOW ELECTRONICS LTD. 



Now, more than ever,-hp- means "Complete Coverage" 
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E.E.V. 

Type 

Function 

Centre 

Frequency 

(Mc/s) 

Maximum 

Output 

1 83 

Gain 

(dB) 

Helix 

Volts 

Collector 

Current 

Focusing 

Field 

(Gauss) 

N.iooi 

Power 

2000 

16W 

- 

26 

2600 

40mA 

600 

N. 1002 

Low Noise 

2000 

imW 

10 

24 

550 

200 pA 

200 

N.I004 

Power 

4000 

4 w 

- 

21 

2600 

20mA 

450 

N.I005M 

Low Noise 

4000 

imW 

II 

22 

360 

200 pA 

350 

N.1013 

Voltage 

Amplifier 

2000 

200mW 

20 

32 

650 

4mA 

300 

N.IOI7M 

Low Noise 

1200 

imW 

IO 

20 

700 

20OPA 

200 

N.IOI8M 

Voltage 

Amplifier 

4000 

loomW 

20 

30 

630 

2mA 

350 


‘ENGLISH ELECTRIC' 


ENGLISH ELECTRIC VALVE CO. LTD. 


1 ^ 


Waterhouse Lane , Chelmsford 
Telephone: Chelmsford 3491 
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Erie Resistor Limited, 
Carlisle Road, The Hyde, 
London, N.W.9, England. 
Telephone: COLindale 8011. 
Factories: London and Great 
Yarmouth, England; Trenton, 
Ont., Canada; Erie, Pa., and 
Holly Springs, Miss., U.S.A. 


* Regist 


red Trade Marks 
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Inductance 

Tuners 

& VARIABLE CAPACITORS 

for TELEVISION and AUTO RADIO 


rfor 
Precision, 
Stability & 
Long Life 


SYDNEY S. BIRD 

& SONS LTD. 


Designers and users of radio and 
electronic equipment know that they 
can rely implicitly on the efficiency 
and dependability of “ Cyldon ” 
Capacitors and Tuners. They know 
too that the exceptionally wide variety 
of types in the standard “ Cyldon ” 
range covers most day-to-day re¬ 
quirements, but that when special 
types are needed the full resources 
and specialised experience of the 
manufacturers are entirely at their 


Contractors to Ministry of Supply, Post Office, 
and other H.M. Govt. Depts. 


Equipment manufacturers are invited to write 
for literature covering Cyldon “ Teletuners" 
and Cyldon Trimmers, together with details of our 
complete range of Variable Capacitors and list of 
Agents for Home and Overseas. 



ifflTlTTTt 
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Build these 2 useful instruments from 

COSSOR KITS 

Valve Voltmeter and Oscilloscope 


Model 1044K Model 1045K 

Valve Voltmeter Single Beam Oscillograph 

List price £20.0.0 List price £36 .13.4 


Each Kit, in addition to Printed Circuits and all parts, 
includes an illustrated comprehensive instruction book 
describing the step-by-step assembly. 


Write for leaflets to :— 


COSSOR INSTRUMENTS LIMITED 

THE INSTRUMENT COMPANY OF THE COSSOR GROUP 
(Dept. 1), Cossor House, Highbury Grove, N.5 

Telephone: CANonbury 1234 (33 lines) Telegrams: Cossor, Norphone London Cables: Cossor, London 
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MUTUAL & SELF INDUCTANCE BRIDGE 



Designed for the accurate measurement of either mutual or self 
inductance and resistance in the range 0-001 [iH to 30mH and 
lOOpQ to 3000 ii respectively. 

All measurements are made in the form of a four-terminal 
network and inductance and resistance of leads and clips are not 
included in the measurement. 

Accuracy within ± 1% frequency I592cls (w = 10 000 ) 

Full technical information on this and other ‘ Cintel' Bridges is 
available on request. 


CINEMA 


TELEVISION LTD 


WORSLEY BRIDGE ROAD • LONDON • S.E.26 

HITHER GREEN 4600 


SALES AND SERVICING AGENTS : 

Hawnt & Co. Ltd., 59 Moor Street, Birmingham 4 


F. C. 
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DIRECTLY 

CALIBRATED 


The type Dl/D is a V.H.F. 

Signal Generator designed for 

making measurements in the 

frequency range 10 to 300 Mc/s. 

Its outstanding features are:— 

• 50 : I slow-motion drive. 

• Linear scale and vernier for 
high resetting accuracy. 

©Sine and square wave 
modulation. 

© Attenuator variable over 
100 db. 

• Negligible stray field. 

• Rugged construction and light 
weight (only 34 lb.). 


NETT PRICE IN U.K. 

£97 

Full technical details available in 


r the 



The ADVANCE V.H.F. SIGNAL GENERATOR TYPE DIP/2. 

Directly calibrated in six ranges 

2 Mc/s to 190 Mc/s. 

This is a special version for the alignment of narrow 
band communication receivers which incorporates:— 

• CRYSTAL MODULATOR ELIMINATING SPURIOUS F.M. 

• 2 Mc/s CRYSTAL REFERENCE OSCILLATOR. 

• BUFFER STAGE. 

ADVANCE COMPONENTS LTD., ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. Tel.: Hainault 4444 


NETT PRICE IN U.K. 

£110 
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for all indicator purposes 


fhorn miniature lampholders 


Miniature lampholders 
in the Thorn 
range have been made 
possible by the 
development of the Atlas 
Midget Panel bulb. 


midget*panel bulbs 
are available 
28 volts 0.04 amps 
28 volts 0.08 amps 
12 volts 0.1 amps 
6 volts 0.1 amps 
1.5 volts 0.75 amps 



THORN 

ELECTRICAL 

INDUSTRIES 

LTD. 


MIN IATURE SEALED PANEL LAMPHOLDER—INDICATOR TYPE 

Completely waterproof and will withstand conditions of con¬ 
stant vibration and shock, these lampholders are intended 
for installation on aircraft, armoured fighting vehicles, and 
marine equipment. They are sealed and insulated from the 
panel, the thickness of which can vary from 20 S.W G. (.036") 
to 10 S.W.G. (.128"). Thicker panels can be counterbored. 
Rotation is prevented by flats on the body. Mounting is by a 
single hole. Access to the lamp, for replacement, is from the 
front of the unit by unscrewing the dome. Lamps may be 
renewed, without breaking the seal to the equipment. 

Weight: .420 oz. (11.6 grammes) with bulb. 

Electrical connections: Two solder tags. 

Catalogue No. MPL. 20 Red: MPL 21 Green. 

Catalogue No. MPL. 22 Amber: MPL 23 Opalescent Ivory. 


MINIATURE SEALED PANEL LAMPHOLDER—DIMMER TYPE 

Identical to the Indicator type, except for the interchangeable 
cap. This is ribbed for grip, continuously rotatable and contains 
a light output control from bright to “ blackout.” 

Weight: .530 oz. (14.8 grammes) with bulb. 

Electrical connections: Two solder tags. 

Catalogue No. MPL. 10 Red (Translucent). 

Catalogue No. MPL. 11 Green (Transparent). 

Catalogue No. MPL. 12 Amber (Transparent). 

Catalogue No. MPL. 13 Clear (Transparent). 


THORN MIDGET PANEL LAMPHOLDER 

This is the simplest and most economical lampholder designed 
to accommodate the Atlas Midget Panel lamp. It is extremely 
effective and easily installed. Available with its transparent 
top in a variety of colours. Weight: 8.4 gr. (0.3 oz.). 


FLUSH OR RECESSED LIGHTING UNIT 

This lampholder is used as a standard unit in the Plasteck 
Console panel. The body of the lampholder may be retained 
in a countersunk hole in the panel by a hexagonal backnut and 
lock-washer A small projection under the collar prevents the 
fitting turning in the panel. The special coloured filter is 
contained in a moulded screw cap and a soft rubber sealing 
washer prevents any light from escaping round the edge. 
Filters in red, green, amber and clear Weight: .31 oz. with bulb. 
Terminals: Solder tag and earth return. 

Catalogue No. PPL90. 

Catalogue No. PPL120 (with 6BA terminal screw and earth 
return, weight: .35 oz. with bulb). 
Interservice ref: Type A, No. 1. 

Flush type—Solder connections. Ref. No. 5C/X. 5143. 

Type A, No. 2. 

Flush type—Screw terminals. Ref. No. 5C/X. 5144. 

Can be supplied with insulated washers and connecting tags 
where non-earth return is desirable. 


Aircraft Components Division 
Gt. Cambridge Road, Enfield, 
Middlesex. 



SURFACE TYPE LIGHTING UNIT 

An alternative design to PPL90 for Plasteck and other control 
panels where no room exists immediately behind the metal 
panel. The bulk of the component projects above the face of 
the panel. A soft rubber sealing washer under the cap prevents 
the escape of light from the front of the panel. The lamp is 
inserted with the cap up. 

Weight: .49 oz. with bulb. 

Terminals: Solder tag and earth return. 

Catalogue No. PPL. 100. 

Interservice Ref: Type B, 

Surface type—Ref. No. 5C/X. 5145. 
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ANOTHER BATCH OF THE FINEST 
QUALITY CERAMIC INSULATORS . . . 

A SERVICE WHICH TT HAVE DEVELOPED 
AFTER YEARS OF CONTINUOUS EXHAUSTIVE 
RESEARCH. 

THESE TT INSULATORS PLAY AN 
IMPORTANT ROLE IN ELECTRONIC 
DEVELOPMENT. 



TAYLOR TUNNICLIFF (refractories) LTD. 

ALBION WORKS • LONGTON • STOKE-ON-TRENT 


Telephone : Longton 33071/2 
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... is not enough ! 

You need to be able to live with your high fidelity equipment as 
well as listen to it. 

This RCA New Orthophonic High Fidelity speaker system uses 
advanced acoustical design to give a liveable size with clean 
aesthetic lines which will harmonise with any furnishing scheme. 
The system uses a ported bass reflex type enclosure including the 
exclusive RCA acoustic curtain damping feature. The special 
arrangement of the triple speaker assembly ensures even sound 
distribution to all parts of your room with perfectly balanced bass 
and treble response. This instrument with its great sensitivity 
captures those elusive elements of sound which make for 
completely natural reproduction. The RCA Loudspeaker is the 
latest addition to a complete range of perfectly matched High 
Fidelity units designed for studio quality, radio and gramophone 
reproduction in the home. Send for further details. 



F/M TUNER TRANSCRIPTION DECK PRE-AMPLIFIER MAIN AMPLIFIER 



TLw O t dhsrjdi07Li£ 




ROAD. SVNBURY'ON-THAMES, MIDDLESEX. TEL: SUNBURY-ON-THAMES 3IOI 
lAn Associate Company of Radio Corporation of America) 


(DEPT. HFP), LINCOLN 
















January, 1957 


Wireless World 


25 



★ The 595HS can be controlled by ultra 
sensitive contacts handling 0.4mA. at 2V. 
Contacts will handle 5A, at 230V. A.C. 

★ The 595HS is made to withstand 
exceptionally heavy shock and vibration. 

★ The 595HS is made to withstand dirt 
and humidity indefinitely. 

★ The 595HS can be obtained with 
various contact assemblies. 

★ The 595HS is low in price because of 
its novel design. 


MAGNETIC DEVICES LTD., a id & are approved 
EXNING ROAD, NEWMARKET, SUFFOLK. 

TELEPHONE: NEWMARKET 3181-2-3. TELEGRAMS: MAGNETIC NEWMARKET 


RST 


TRANSISTORISED 

RELAY 

The Hermetically 
Sealed 595HS 
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It’s NEW! 



THE STANDARD OSCILLATOR 


r J 1 HE Airmec Oscillator Type 213 is a small, 
compact, crystal controlled frequency 
standard of low cost, providing standard out¬ 
put signals of 100 kc/s and 1 Mc/s. These signals 
of exceptionally good sinusoidal waveform are 
obtained from separate plugs on the front panel 
and are entirely independent of each other. 

The crystal is housed in a temperature 
controlled oven, similar to that employed in 
the Airmec Frequency Standard Type 761 , thus 
enabling a short term stability approaching a 
few parts in 10 7 to be obtained. 


TYPE 213 


SPECIFICATION 

FREQUENCY: 


Outputs are provided at 100 kc/s and I Mc/s. 


WAVEFORM: 

STABILITY: 


AMPLITUDE: 


Sinusoidal waveform of low distortion. 

The long term stability is better that 5 in I0 6 while a short 
term stability of better than I part in 10° is obtained over 
any 2 hour period. 

2 volts r.m.s. 


OUTPUT IMPEDANCE: 100 kc/s—500 ohms. 

I Mc/s—1200 ohms. 


PRICE £100 IMMEDIATE DELIVERY 

Full details of this or any other Airmec Instrument will be forwarded gladly on request. 

AIRMEC LIMITER 

HIGH WYCOMBE BUCKINGHAMSHIRE ENGLAND 

Telephone: High Wycombe 2060 Cables: Airmec, High Wycombe 
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CATHODEON 



Specialists in HIGH STABILITY CRYSTAL UNITS 
in the frequency range 2 3 ooo-60jC>oo Kc/s. 



CATHODEON CRYSTALS LIMITED / 

LINTON • CAMBRIDGESHIRE 
Telephone: LINTON 223 
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Delaron 

(by De La Rue) 

does a double act for you 


You already know DELARON as a laminated 
insulant of precisely known dielectric values 
and mechanical properties which fully meet 
all British Standard and Ministry specifications 
at every grade. It is used as a controller of 
electricity, from loudspeaker spiders to 
insulating washers. 

But do you know about the second half of the 
double act by DELARON laminates? 


In its copper-clad form it is the basis of most 
of the printed circuits in radio, television, 
radar and electronic computers—the new, 
simpler and cheaper method of circuit 
manufacture. 

You should use DELARON laminates. 

For information, advice and service get in touch 
with Dept. DSE, Thomas De La Rue & Co Ltd 
84-86 Regent Street, London, JF1. 


DELARON' is 


I a (mA) 
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Valves for 
Voltage ® 
Stabilisation 

the A 2293 is a new low impedance triode 
particularly suitable as the series valve in 
stabilised power packs. List price 27/-. 



THE 



For further details write to the G.E.C. Valve & Electronics Dept. 

GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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AIRCRAFT-MARINE PRODUCTS (6T. BRITAIN) LTD. 

London Sales Office: 60 KINGLY STREET, LONDON, W.l. Tel: REGent 2517/8 
Works: SCOTTISH INDUSTRIAL ESTATES, PORT GLASGOW, SCOTLAND 


Ahead of the present — 


— abreast of the future 



January, 1957 


Wireless World 



We again take this opportunity to thank our customers all over the world for 
their support during 1956. 

It has been a difficult year with rising costs and added restrictions everywhere. 
This has been an incentive to us and we are happy to report that once again our 
export sales have far exceeded those of previous years. 

This has been achieved by decreasing prices, carrying a more comprehensive range 
now totalling over 2,000 types of receiving, transmitting and special purpose tubes, 
and, as ever, quick service. 

Available on application is our new price list, proof that in a world of rising prices 
HALTRON Tubes are better value than ever. 


Our organisation is A.R.B. approved. 


HALL ELECTRIC LTD 

HALTRON HOUSE, 49-55 LISSON GROYE, 
LONDON N.W.1. 

Tel.: Ambassador 1041 (5 lines) Cables: Hallectric, London 
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ANTIFERENCE AERIALS 




BAND III 



BAND I 

A complete range of 
Antex (illustrated) 
Dipole, ‘ H,’ Fringe 
and indoor models is 
available. Outdoor 
models can easily be 
adapted for Band III 
by adding Band III 
Grip-on aerials as 
350/1C below. 


BAND II 

Indoor and outdoor 
models to suit all 
conditions and to 
provide the very best 
results for VHF/FM 
equipment. Models 
for fitting to existing 
TV masts are available. 


BAND III 

3, 5, 8, 10 element and 
Stacked Arrays for 
outdoor installation 
and a comprehensive 
range of indoor models. 


Specially Designed 

export RANGE 

export including 

Vertically PolansedSm^ 

Yagi Arrays, Br °* d J tem ational 
All-Band type. Continental 

Frequencies including els . 

(C.C.I.R-) and Am® features 

Of pre-assembly and ially 

struction combine B d t he 

designed features to wi^ t . ons 

most extreme climati 

and to meet the v abroad, 

requirements of counme ^ ^ 

Our Export Depart full det ails 

request, be Exp ort Range. 

°f this specially de ^ sfaowing current 
Fully detadedlrteratm^bie on reqU est. 

, models and prices a 


lU] 

autom atic 

W/TH 


CO-AXIAL 
CABLES 
R.E.C.M.F. 
Specification. 
Robust and simple 
to fit. 

PLUG TVP/1 
SOCKET TVS/1 
Both 8d. each. 


For combining Band 
I and Band III 
Television Aerial 
down leads. 

OUTDOOR 
MODEL Y.l. 16/6 
INDOOR 
MODEL Y.2. 12 6 


advance of any I 

other form of p re _ 1 
assembly-.. c]ick 
they’re fixed! 


HILO 

17 models to provide 
perfect Band I/Band 
III reception with only 
one aerial. All 
incorporate the 
patented Electronic 
Coupling exclusive to 
Antiference. 


ANTIFERENCE 

LIMITED mm 


THE ANTIFERENCE GROUP 

Antiference Ltd., Aylesbury, Bucks and 
London, W.l. 

Antiference (Canada) Ltd., Toronto, 

Antiference (Australia) Pty. Ltd., 
Sydney, Australia. 

Antiference Installations Ltd., 
London and Branches throughout 
Great Britain 

Obtainable only from Appointed 
Antiference Distributors. 
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X 500 * 


REPLACEABLE STYLI, AS FITTED TO ALL ACOS 
CRYSTAL AND CERAMIC PICK-UP CARTRIDGES 
HAVE PERFECT SHAPE, SIZE AND FINISH 



V»£ 

ACOS Styli have to pass a quality inspection at x 500 
magnification. Only in this way can some faults, which may 
have important effects on reproduction or record or stylus wear, 
be reliably detected. The standards we set ourselves are high 
but practical. They are reflected not only in ACOS products 
but also in the record reproducing equipment in which ACOS 
pick-ups or cartridges are fitted. 


C0SM0C0RD LIMITED. Eleanor Cross Road, 


Waltham Cross, Herts. Waltham Cross 5206 
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For all portable telecommunications equipment 


directly-heated 



space saving 

Manufacturers of almost every type of telecommu¬ 
nications equipment in which space is a limiting 
factor will welcome this newly extended range of 
Mullard directly-heated subminiatures. Their dia¬ 
meter, which is of the same small order as other 
components, facilitates tight packing in “sandwich” 
and other types of assembly. 



weight saving 

Due to their small size, these robust valves offer 
special weight saving advantages which are parti¬ 
cularly valuable in relation to certain types of 
specialised battery powered equipment such as 
‘Hand-Talkie’ and ‘Walkie-Talkie’. They will 
operate efficiently from comparatively small bat¬ 
tery supplies and so allow the overall weight of 
equipment to be kept to the minimum. 



Brief technical details are given on the page opposite—more 
comprehensive information on these and other Mullard subminia¬ 
ture valves is readily available. 
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subminiatures 


DF 63 DL 6? DL 73 



*At present only sample quan¬ 
tities of this type are available. 
*With 2Mf2 grid resistor. 

■fThe power outputs quoted in 
the last column are not necessarily 
under conditions given for Typical 
Characteristics. 


IlCurtl 

LIMITED, MULLARD HOUSE, TORRINGTON PLACE, LONDON, W.C.1 

MVT302a 





MULLARD 
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The complete power amplifier for use with 
either of the 2 other models (853A or 854). 
It is supplied in a beautifully finished 
cabinet which can be placed on a side table 
or bookshelf and will blend harmoniously 


Champion proudly introduce the latest 
developments in HI-FI unit equipment 




The Pre-Amplifier comprises a low noise, 
low distortion amplifier with tone controls 
and low pass filters. The first stage gives 
balanced compensation for five recording 
characteristics used by the leading record¬ 
ing companies in England and the U.S.A. 
This is effected by the use of frequency 
selective negative feedback. The tone con¬ 
trol circuits give continuously variable 
control of both bass and treble frequencies. 

TECHNICAL DETAILS 
Input selector. 


(2) R 


l.E.S. and R.C.A. ORTHO. 



The new Champion High-Fidelity 
Equipment is designed to bring to every 
home where music is enjoyed and 
appreciated, a new conception of 
listening. In ultimate form High- 
Fidelity is reproduction exactly as the 
artist recorded it. 


The Master Control comprises a low noise, 
low distortion tone control pre-amplifier 
and a sensitive VHF/FM tuner covering 
the frequency range 88-95 Mc/s, housed in 
a handsome cabinet matching the Main 
Amplifier Model 853. 



With the Champion High-Fidelity you will become aware of a new 
excitement in music; surprised and delighted to hear with extraordinary 
realism your favourite works, which before lacked clarity. 



ELECTRIC CORPORATION 

London Office <& Showrooms: 8 Eccleston Street, S.W.l. Works: Newhaven, Sussex. 
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INSTRUMENTS 


ADMITTANCE BRIDGE TYPE B.801 

1 Mc/s—100 Mc/s 

For balanced and unbalanced measurement. 

Susceptance: Equivalent | Conductance: 0-100 mmho. 
to ±230 pF. 

Accuracy: ±2%, ±0‘5pF. I Accuracy: ±2%, ±0'1 mmlio. 
This is one of a range of bridges for use with external source and 
detector for the measurement of aerials, cables, feeders, and a 
variety of components and materials between 15 kc/s and 250 Mc/s. 
Bridge sources and detectors are available for use between 
1-100 Mc/s and 50-250 Mc/s. 

PRICE £150 NET EX WORKS 


COMPONENT BRIDGE TYPE B.121 

A general purpose 50 cps 3 terminal transformer 
ratio arm bridge for the measurement of Resistance, 
e in the ranges 3-100 Mfl, 

readings of the 

impedance and facilities for “in 
are notable features. 

PRICE £60 NET EX WORKS 


AUDIO WAVEFORM ANALYSER 
TYPE A.321 

A portable instrument to measure the relative levels 
of the components of a complex waveform over a 
range of 75 db between 50 c/s and 20 kc/s. Input 
impedance 100KO unbalanced or >25KQ balanced. 
In transportable case as shown, or for standard 
19' mounting. 

PRICE £250 NET EX WORKS 
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RADIO & TELEVISION 
TEST INSTRUMENTS 


VALVE TESTER 

Model 45C 

A comprehensive valve tester to measure the 
mutual conductance of most types of British, 
American and Continental receiving valves. Mea¬ 
sures over 4,000 different valves, simple and rapid 
operation. 4in. scale moving coil meter 

Mutual Conductance: Two ranges: 0-3 mA/V. 
and 0-15 mA/V. 

Cathode Leakage: Tests for Heater/Cathode 
insulation up to 10 megohms. 

Emission: Rectifiers and Diodes can be tested 
for emission. 

Inter-Electrode Shorts: Short circuits between 
electrodes are shown on the meter. 

Heater Continuity: Meter indicates continuity 
of heater or filament. 

Gas Tests: Press-button “ gas ” tests show 
abnormal positive or negative grid current. 

T.V. cathode ray tube adaptor, model 445 available. 

Hire Purchase Terms Also Available 


INSULATION TESTER Model 130A 

For workshop tests and component checking 

This mains operated ohmmeter covers insulation and 
medium values of resistance. It is light and portable. 
Meter: 4in. scale Taylor Moving Coil meter with knife- 
edge pointer. 

Sensitivity: 50/xA. 

Ranges: (1) 20 ohms to 100K. ohms at test pressure of 
50 Millivolts. 

(2) 200K. ohms to 1,000 megohms at test pressure of 500 
volts. 

Accuracy: On each range 10% of centre scale values. 
Overload Protection: Instantaneous Meter overload 
protection on all ranges. 

Press Switch: Disconnects meter when rapidly charging 
capacitors for test. 

Power Supply: 115V or 200/250V A.C., 40/100 c/s. 
Dimensions: 8x5|x4iin. Weight: 5| lb. (2.6 Kg.) 


Write for details of these and other models 

TAYLOR ELECTRICAL INSTRUMENTS LTD. 

Montrose Avenue Slough, Bucks. 

Telephone: Slough 2IJSI Cables: Taylins, Slough. 



LIST PRICE : £16 

Prompt delivery 
Credit Terms: 

9 monthly payments of £2.0.0 



LIST PRICE: £30 

Prompt delivery 
Credit Terms: 

9 monthly payments of £ 3.15.0 


Unique Offer: You can part ex¬ 
change an old TAYLOR instrument 
for a new one. Write for details. 
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"Waveflex” Flexible Waveguides 

FLEXIBLE and TWISTABLE 


-Precision built for 

long and reliable service 

CHECK THESE EIGHT “STAR” POINTS:— 

• Two types:— 

Flexible—twistable 
Flexible—non-twls table 

• The high quality of “Waveflex” waveguides is 
maintained because all production operations 
from selection of correct materials to final testing 
are completed within the one organisation. 

• Specially produced by an exclusive method of 
convoluting strip metal. 

• The ‘Neoprene’ rubber sheath which is moulded 
and bonded to the guide, has been specially pro¬ 
duced to give flexibility at extremely low tem¬ 
peratures. 

• WG.16 twistable waveguides are designed to take 
a plus or minus 30 degree twist per foot. 

• A standard range of “Waveflex” waveguides is 
made in lengths from 3" to 36" fitted with standard 
flanges. We' shall be interested to investigate 
special guides to meet particular requirements. 

• “Waveflex” flexible waveguides to match rigid 
guides in WG. 10,15 and 16 are in production, the 
final range will also include WG. 11,18 and 22. 



HERE ARE THE TEST DETAILS 

A typical specification of WG. 16. V.S.W.E. -97 mini¬ 
mum per. end termination. Attenuation T5 DB/ft. 
maximum. Band width 8-2 to 10.7 k.m. c/s. 
Monitoring tests are carried out on a unique rig 
which flexes and/or twists the “Waveflex” guides 
many hundreds of thousands of times to ensure 
reliability in use. 



WAVEGUIDES 


Full technical details from :— 

GABRIEL MANUFACTURING CO. LTD. 

Newton Road, Torquay, Devon. 

Phone: Kingskerswell 2174. 

One of the Tecalemit Group of Companies. 


AND NOW 



GRAMPIAN 

MAGNETIC 



CUTTERHEAD 



These units are a development from our type “D” 
feedback cutterhead and have similar mechanical 
and electrical constants but are operated from a 
single winding. They may be used in conjunction 
with any high grade power amplifier. 

SENSITIVITY —3 volts input for I cm/sec at 78 
R.P.M. 

IMPEDANCE— 15 ohms at 1000 c/s 
FREQUENCY RESPONSE— +3db—50 c/s to 10 Kc 
6db at 20 Kc 

DISTORTION— 2% at 1000 c/s 
WEIGHT— 6i oz (184 grams) 

STYLUS HOLE— 0.064" or 0.0625" as required 
FITTING —Direct mounting on Presto and similar 
machines 

* Also available n horizontal form, type C/H 

Write for full details 

GRAMPIAN REPRODUCERS LTD 

17 Hanworth Trading Estate 
FELTHAM • MIDDLESEX • ENGLAND 
Telephone Feltham 2657 

Western Hemisphere. Reeves Equipment Corp., 10 East 52nd St. 
New York 22, N. Y. 

Australian Agent. Simon Gray Pty. Ltd., Elizabeth St., Melbourne C.l 









aoai^gwvD do 


a 3 i i w i i 


3 A d 


siMaxsAS AxnaaiJ hoih 


:e>ujV qino s 


•XUEUIJ33 MSM ‘weJwms ‘pail^n aX d 

• 3 jnqsauueqor ‘pajiuin '('/Jd) uoisiAspi * o !P ay a/ d 
!XjO coixau 'pajpun a/ d 
:saj !v souang ‘ 6I8 uuuinani 'pajiuin aX d 


:t!|ajjsnv‘aujnoq|0 W ‘pajjuin ‘Xj d aX d 
•3JI3 ‘uljqnQ ‘pajiuin (pua|aJl) aX d 
Itptuao ‘OJUOJOX ‘pajiuin apaus 3 aX d 





•SJ 99 U 9 A utinx'BM ui paqsi 
-raa -s^^-baa. zi rAxtoudeo Sui[ 
-pnuq jaAioj -suiqogx :eon«pad 
-uix -s-d-o 000 ‘ 8 I— 0 ? ftamquo 
ui) aSu-ei Aouanftaij; ‘ssnug 
00 Q ‘6 -fitfsnop sum *s-<To 09 
aou'enosej I'B^naui'Bpnn^ 
•soti'BuiJojjocI uinunxclo baiS 
ox jaqureqo pauStssp Aix®otx 
-snoo'B ui? ui paxunoui Axi®toads 
pan xsiI’BJ'Bd ut 3 uix®iado ‘sauoo 
I'Btoads qxtAi siaquads xup qStq 
„8 paqox®ui omx sastiduioo x T 
‘xonduioo Axauiaixxg; •p-ioffe we 6 
aq eotjd b x® jauaxsii Aimripjo 
aqx °X Axtibpu qSiq sSutiq— 
aaXXTspaq jo uiooj SuiAtuip aqx 
hi auioq x 1 ® Axren&a—aaquads 
as'Boqoog xx®At zi aA<i A 4 .au aqj, 


•s,qp gg nuqx Jaxxaq 
‘IpeiBAO—s,qp oi u®qx Jaxxaq 
•dure hi'bui :hihh pun astoN 
‘XtidXHO sxx®ai g x® XI®- I9AO 
%£ - 0 treqx ssap: s/03 X X® uotxjox 

-Stp OIUOUIJ13H ‘JOIOVJ SHldHTEp 

ax’tuqui I soixsiiaxo'ej'eqo Ais/d 
-aj pjobaj x : siox'BSuaduioo dn 
-qoid g isxndut ut-Snid f IsiaABi 
aniniOA Mox X® aiqajx pun ssuq 
sax®HXHB00 H Axxobjjoo qorqM. 
uXojxhoo ssaupnop, :sajnx®ad 

•sXX®ai 8 JO xndxtvo jpead qxTM 
‘auioq aqx hi asn joj pauSisap 
An®toads aaqiiduiH paoud Axqu 
-uosuai ‘Man v si 8/SdH aAd aqx 



911101 ] 9 l|] J 0 | 
90 MJ MOlfiwN 


£t 


aiao/5& ssaiaai^ 


LS 61 ‘AHVflNVf 










44 


Wireless World 


January, 1957 



SONIXGRAM 

REGD. 

A COMPLETE DOMESTIC HIGH FIDELITY SYSTEM 



PRECISION High. Fidelity 


:_- — 4 SPEED TRANSCRIPTION UNITS 



THE GOLDRING MANUFACTURING CO. (GT. Britain) LTD. 
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OHMS? 

RATING! 

TOLERANCE? 

./t’s easy with 


Continuous Storage Units 



Thousands of LAB Continuous Storage Units are 
daily solving the problem of control and storage of the 
great range of resistors. Compact, and capable of 
storing up to 720 separate resistors, LABpak make 
selection positive, simple and speedy. Now that 
Ceramicaps, Histabs and Wirewound resistors have 
been added to the carded range, the usefulness of 
LABpak storage units is enhanced. 

FREE with any purchase of the LABpak range, 
these units are the complete answer to the storage 
problems of small production units, laboratories, etc. 

MAKE UP YOUR ORDER TODAY 

-DELIVERY EX-STOCK 

All LABpak resistors are carded in ohmic value, rating and 
tolerance, colour indexed and tabbed for easy selection. 

The LAB Continuous Storage Units are available from your 
normal source of supply, but more detailed information and 
literature can be obtained from: 

THE RADIO RESISTOR CO. LTD. 

50 ABBEY GARDENS • LONDON * N.W.8 
Telephone: Maida Vale 5522 



HARTLEY-TURNER 
SOUND EQUIPMENT 

LOUDSPEAKER 

ENCLOSURES 

Now available in either assembled or in kit 
form to reduce freight charges for export 
orders, the Hartley-Turner “ Boffle ” is the 
answer to the need for economy in space 
and cost without sacrifice in quality. 
Designed specifically for the types 215 and 
315 Hartley Loudspeakers but equally suit¬ 
able for any other high quality 10" or 12" 
loudspeakers, these enclosures utilise a 
special acoustic filter which enables the 
performance of an infinite baffle to be 
obtained from a unit only 18" cube. 

Prices 

In Kit Form, 

Type l.K. for 10" diameter 
Loudspeakers £8 . 10 . 0 

Type 2.K. for 12" diameter 
Loudspeakers £8 . 10 . 0 

Assembled, 

Type 3.A. for 10" diameter 
Loudspeakers £9.0.0 

Type 4.A. for 12" diameter 
Loudspeakers £9.0.0 

H. A. HARTLEY CO. LTD. 

66, WOODHILL, WOOLWICH, 
LONDON, S.E.18. 

Phone : Woolwich 2020. Ext. CB32 
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DOMESTIC 


DIRECT SALES 
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IMPEDANCE CURVE. Note 


WKarfedale 

NEW 3-SPEAKER SYSTEM 

gives you everything... except resonance 

Yes, in Wharfedale’s latest model, cabinet resonance is conspicuous 
by its absence. Low resonance speakers fitted with foam suspen¬ 
sion give smooth response over the full frequency range. Visually 
the SFB/3 is attractive. Structurally it is compact and portable. 
Technically it is cleverly designed. Acoustically it is amazingly 
good for its size. 

★ ATTRACTIVE APPEARANCE ★ FREE-STANDING & EASILY MOVED 

★ RESONANCE FREE : SANDFILLED BAFFLE * OMNI-DIRECTIONAL 

★ FREQUENCY RANGE : 30 c/s to 20,000 C/S ★ MODERATE PRICE 






SFB / 3' 



/ \ 







/ 






r~ 


SPECIFICATION 

Size 34" x 31" x 12" 

Weight 64 lb. 

Impedance 8/15 ohms 
Bass resonance 30/35 c/s 
Max. Input 15 watts 


NEW PRICE 

£39.10.0 

Tropical model made with resin- 
bonded plywood^ can be supplied 


Mode and guaranteed by WHARFEDALE WIRELESS WORKS LTD . IDLE • BRADFORD - YORKS. Phone : Idle 1235/6 


-METERS-— 

To B.S.89 Calibrated and scaled to your requirements. 

DEVELOPMENT & PRODUCTION PROBLEMS ASSISTED BY 

PROMPT DELIVERY 





Typical 2i" & 


Stockists of: 

ERNEST TURNER, EAC, BALDWIN, WEIR 
and LEADING 

MANUFACTURERS INSTRUMENTS 


MOVING COIL, MOVING IRON 
THERMO COUPLE, ELECTROSTATIC 


CIRCULAR (Flush or Projecting), SQUARE, 
RECTANGULAR & INDUSTRIAL PATTERNS. 



NETWORK ANALYSERS 
EDUCATIONAL, GEOPHYSICAL and 
SPECIAL INSTRUMENTS 


Manufacturers of: 

ELECTRONIC TEST EQUIPMENT 

PORTABLE MULTIRANGE TEST SETS 
at I megohm per Volt 

ELECTRONIC INSULATION TEST-SETS 


May we quote for your requirements ? 

ANDERS ELECTRONICS LTD. 

91, HAMPSTEAD ROAD, LONDON, N.W.I. Telephone EUSton 1639. 

Suppliers to Govt. Depts., B.B.C., Tec h. Colleges, Leading Manufacturers <£ Research Laboratories 


J 
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from the new Milliard catalogue 


Transistor Tester 

The Mullard Transistor 
Tester has been devel¬ 
oped to provide a rapid 
means of checking gene¬ 
ral characteristics and 
ascertaining if a transis¬ 
tor has been damaged in 
circuit. Facilities for 
measuring the important 
parameters, cc *, base- 
collector short-circuit 
current gain, as well as 
Ico 1 and the collector 
turnover voltage are pro¬ 
vided. Although de¬ 
signed as a simple testing 
unit, it has an accuracy 
of ±5%. 




Dual Trace Oscilloscope 


This high grade, general 
purpose instrument incor¬ 
porates two identical amp¬ 
lifiers with sensitivities of 
20mV/cm over a bandwidth 
of 4 Mc/s. Calibration accur¬ 
acies are voltage ±5%, and 
time ±10% by null 
methods. The time base 
may be free running or trig¬ 
gered, and sweep speeds are 
from 0.1 gs/cmto lOms/cm. 



Television Line Selector 

The L.196 enables any 
normally triggered oscil¬ 
loscope to give a jitter-free 
display of one or more lines 
from a television video 
signal. It can be used on 
transmitter and receiver cir¬ 
cuits to display depth of 
modulation, d.c. levels, 
bandwidth, blanking, syn¬ 
chronizing pulses and for 
the examination of similar 
waveforms in detail. 



Regulated Voltage Unit 

This is a general purpose 
laboratory unit which pro¬ 
vides a stable low imped¬ 
ance d.c. supply which can 
be continuously varied be¬ 
tween 0 and 300V positive 
and negative at up to 
300mA. Two 4 amp a.c. 
supplies at 6.3V tapped at 
4V are also incorporated 
and an unregulated e.h.t. 
supply of 1.2kV at 2mA. 



^ME600 
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5 BYRON ROAD, HARROW, MIDDLESEX. Telephone: har™* 




A NEW 


(fyutc*) 


TRIUMPH IN SOUND REALISM 


At low Cost- 


Model G.A.4 HIGH FIDELITY 
AMPLIFIER 


4 watt 4 valve circuit with a frequency response of 40-15,000 c.p.s. Neat Contro 
Panel sire 6in. x 4in. on fly leads for individual mounting (main chassis I4in. x 
4in. x 5±in.). Input selector switch matching to Radio, L.P. and 78 r.p.m. records 
Separate Bass and Treble Controls giving wide range of cut and lift. Volume Control. 
Rotatable Mains Transformer for hum cancellation. Price £9/9/-. 




PRICE £24.6.6 inc. tax. 


H.4. RADIOGRAM 
CHASSIS AM/FM 

7 valve 4 wave band super- 
het with F.M. (VHF). Magic 
Eye tuning indicator. High 
sensitivity. Bell-clear qual¬ 
ity. Dial size 11 jin. x 5jin. 
Sockets to connect Speaker 
(3 and 15 ohm). Pickup, 
Aerial, Earth, F.M. Dipole 
and provide power for 
Gram. Motorfrom mains. 




Direct from Manufacturer to all other Enthusiasts 

THE DULCI COMPANY LTD., 97'99VhE^rX London N.W.2 


(WILlesden 6678 ) 
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ALUMINIUM 

GORED SOLDER— 

incorporating a non-corrosive 
flux. It is used with an ordinary 
soldering iron in the same manner as 
conventional rosin cored solders 
and ensures excellent joints without 
the use of expensive oxide-removing 
appliances. It is one of a new 
group of Enthoven products of 
outstanding interest to all industries in 


ENTHOVEN 


SOLDER PRODUCTS 


ENTHOVEN PRODUCTS FOR SOLDERING ALUMINIUM 

| ENTHOVEN ALUMINIUM CORED SOLDER—a unique 
product specially designed for use in the electrical , electronic 
and allied industries. 

2 ALUMININUM SOLDERS & LIQUID FLUX—for dip¬ 
soldering and dip-tinning. 

3 ALUMINIUM SOLDERS & PASTE FLUX—for general 
hand soldering and tinning operations. 


For further information on these products and their applications, 
please write for our technical publication “ T.P.2”, 

ENTHOVEN SOLDERS LIMITED, ENTHOVEN HOUSE 
89, UPPER THAMES ST., LONDON, E.C.4. 
MAN.ion House 4533. 


which the soldering of aluminium 
plays an important part. 

To manufacturers of electric and 
electronic equipment it is the 
solution of a familiar and stubborn 
problem—the satisfactory 
soldering of aluminium to aluminium, 
or aluminium to copper, 
tinned copper, tinned and 
silver-plated brass and other metals. 
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tLECTRo 

METHOD?, 


CURRENT CARRYING 
CAPACITY: 7.5 amps 


the foremost manufacturers of 


BREAKDOWN VOLTAGE 
BETWEEN CONTACTS- 
(at sea level) 
7-contacts: 3.1 kV 
14 up to 50-contacts: 4.0 kV 


AVERAGE MATING 
AND UNMATING FORCE 
(per contact): 8 oz 


GOLD-PLATED CONTACTS 

made from spring-tempered phosphor-bronze 

provide low contact-resistance, 
prevent corrosion and facilitate soldering. 
MELAMINE MOULDINGS 

conforming to B.S.S. 1323 

provide high arc-resistance, 
high dielectric and mechanical strength. 

Full technical data and illustrated 
j leaflets forwarded on request: 

ELECTRO METHODS LTD. 

12-36 Caxton Way, Stevenage, Herts. 


POSITIVE POLARISATION 
BY GUIDE-PINS AND SOCKETS 


SERIES ‘MRE> 

with 7, 14, 18, 26, 34 & 50 contacts 

NOW AVAILABLE 
FOR 

PROMPT DELIVERY 
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INTRODUCING THE LINEAR ‘DIATONIC’ 

A HIGH FIDELITY ULTRA LIHEAR AMPLIFIER WITH IHTEGRAL PRE-AMP 


A special feature is the compactness 
of the unit. Full advantage has been 
taken of latest component miniatur¬ 
isation developments to produce a 
10-watt Hi-Fi push-pull amplifier 
incorporating tone control preamp¬ 
lifier stages within the measurements 
of 10 x 6 x 6in. 

In addition two high impedance in¬ 
put sockets are provided for micro¬ 
phone and gram, etc. Each input has 
its associated vol. control, five B.V. A. 
(Mullard) valves are employed, 
ECC83, ECC83, EL84, EL84, EZ81. 
H.T. and L.T. power supply point 
is included for a radio tuner. 


L45 MINIATURE 4/5 WATT 
QUALITY AMPLIFIER 



200^250/. C 50 n°" An'ideal 

Unt ° rU Re«ilPrice m £5-l9-6 e ' 



SIZE ONLY 10—6—6ins. 

Weight I2jlbs. Power consumption 90 watts 
For 200-230-250v. 50 c.p.s. A.C. mains. 
Output suitable for 3 ohm and 15 ohm 

Chassis finish stoved gold gm fa 
—Bronze hammer. T M 

Retail Price * »■ GNS. 

Send S.A.E. for descriptive literature. 

TRADE AND EXPORT 
ENQUIRIES 
to 


FREQUENCY RESPONSE 
± 2 d.b„ 30-20,000 c.p.s. 
MAXIMUM POWER OUTPUT 
In excess of 11 watts. 

RATED OUTPUT 10 WATTS. 
SENSITIVITY 

Volume (1) 22 millivolts for rated 
output. 

Volume (2) 220 millivolts for rated 
output. 

TREBLE LIFT CONTROL 

Continuously variable + 6 d.b. 
to 13 d.b. at 12,000 c.p.s. 

BASS CONTROL 
Continuously variable + 13 d.b. 
to -18 d.b. at 50 c.p.s. 

HUM LEVEL 

Referred to maximum output and 
including integral pre-amp —60 
d.b. 

HARMONIC DISTORTION 

0.25% measured at 6 watts. 
NEGATIVE FEEDBACK 
Total 32 d.b. including 24 d.b. 


LINEAR PRODUCTS LTD. 59 “ AUD ™ LEEDS1 




An outstanding product of the 
“Perth” High Fidelity division ZOO gns. 

Price in U.K. complete inclusive of tax. 

PERTH RADIOS LIMITED 90 Judd St., London, W.C.l. Tel: TERminus 9876 


Reflectograph high fidelity 
Tape Deck, with “ Brick ” 
type ^Pre-amplifier and 


High fidelity “Pert 

amplifier Section—Built-in Leak “Poin 
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Another DALY Electronic Achievement 



CAPACITORS IN REDUCED SIZES WITH 
FULL VALUES AND WORKING VOLTAGES 

SEND NOW for new leaflets with up-to-date information on 
this new range of capacitors. 

DALY has succeeded in maintaining full capacity values and 
working voltages in more compact designs specially suited to 
ultra-modern equipment. 

PHOTO-FLASH EQUIPMENT ■ DEAF AIDS PRIVATE TELEPHONE 
INSTALLATIONS ■ AMPLIFIERS ■ D.C. POWER UNITS ■ SPOT 
WELDING EQUIPMENT ■ TEST GEAR ■ MAGNETISATION EQUIPMENT 

Behind DALY capacitors lies 20 years of making only 
electrolytics, highly specialized experience which engineers 
throughout the world are finding invaluable, and which is 
readily available to you. 

DALY 

ELECTROLYTIC CAPACITORS 

CONDENSER SPECIALISTS FOR OVER 20 YEARS 


DALY (CONDENSERS) LTD., WEST LODGE WORKS, THE GREEN, EALING, LONDON, W.5 


>hone : EALING 3127-3-9 Cables : DALYCON, LONDON 
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the most efficient means 
of generating H.T. voltages from 
low voltage supplies 



This is an accurate summary of this latest type heavy duty vibrator by Plessey, 
a product widely employed in Services equipment. 

It is Design Approved and the supply position is good. 

For all equipment where of necessity only a low voltage supply is 
available—as in certain electronic equipment, public address 
systems and portable transmitters—and for equipment where an 

emergency supply must be provided against mains supply failure, this 
100 watt vibrator is the ideal component. 


Equipment manufacturers and Design Engineers are invited to request 
a copy of Plessey Publication No. 651 which contains complete technical details 
and performance data. 


heavy duty vibrators by 


COMPONENTS GROUP • THE PLESSEY COMPANY LIMITED • ILFORD • ESSEX 


Plessey 


^PClI 
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msnmaTS in 


M U REX LTD. (Powder Metallurgy Division) RAINHAM • ESSEX 
Telephone: Rainham, Essex 3322 Telex 8632 Telegrams: Murex, Rainham-Dagenham Telex. 

LONDON SALES OFFICE: CENTRAL HOUSE. UPPER WOBURN PLACE, W. C. I . EUStOn 8265 


Murex Sintered Magnets supply 
the high stable flux which 
provides the drive between 
pressure chamber and indicator. 
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1957 


If you already have our 1956 catalogue, you will automatically 
get the 1957 edition in the course of the next week or two. The 
demand for the catalogue is so great that it makes the task of 
distribution a fairly lengthy one, so please wait patiently. If 
you have changed your address, or have any other reason to 
think your copy may not reach you safely, please let us know. 
The 1957 catalogue brings the record of Marconi electronic 
instrumentation in the radio communication and industrial 
fields up to date and provides a comprehensive survey of all 
Marconi measuring and test equipment. 


MARCONI 


INSTRUMENTS 


MARCONI INSTRUMENTS LTD ST. ALBANS • HERTFORDSHIRE ■ T E L E P H O N E : ST. A L B A N S 56 I 6 I 

London and the South: Marconi House, Strand, London, W.C.2 Tel: COVent Garden 1234 
Midlands: Marconi House, 24 The Parade, Leamington Spa. Tel: 1408 North: 30 Albion Street, Kingston-upon-Hull Tel: Hull Central 16347 


WORLD-WIDE REPRESENTATION 
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SCIENTIFicJj] (^instruments 


MORE THAN 6000 ‘SCALAMPS’ NOW IN 
USE IN INDUSTRY AND RESEARCH 


These galvanometers offer: 

0 Compact Self-contained Unit 
0 Five range Sensitivity Switch 
0 Slow-motion zero control 
0 Automatic Shorting Foot 

Four new models now available 
give added versatility in low 
resistance circuits. 

Please write for our latest leaflet 


w. G. PYE & CO. LTD • GRANTA WORKS • CAMBRIDGE -'ENGLAND. 



AM/FM RADIOGRAM CHASSIS 


PB 409 

ARMSTRONG quality at an economical price 

9 valves-6 watts peak output within 2dB, 20-20,000 cps 
at 4 watts (double normal room volume) 

■fr Full VHF band (88-108 Mc/s) plus Long, Medium and Short 
•fa Push-Pull Output with Negative Feedback 
■fc Quick-action “ Piano-Key ” selectors 
Independent Bass and Treble controls 
“ Magic Eye ” tuning 


Purchase, Home Trhdfactfities and Guaramm 

«S!^,1KS. 1 SSS2!.' 





tbit; 
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QUESTION “Why don’t dealers stock and recommend our 
Amplifiers and Tuners, etc?” 

ANSWER “Because they cannot afford to as we give their 
discount to YOU (the public).” 
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The remarkable efficiency of these ‘Eclipse’ magnets is due to their composite construction, using 
‘Araldite’ to bond the component parts. The manufacturers of these magnets state that they use ‘Araldite’ 
because it enables them to produce shapes and sizes otherwise impracticable, to ensure that the magnets 
cannot be taken apart and to avoid bolted assemblies. ‘Araldite’ provides a bond which is truly permanent, 
and its strength is proved by the fact that facing and boring operations and also grinding are carried out 
after bonding. 


‘Araldite’ epoxy resins have a remarkable range 
They are used 

* for bonding metals, porcelain, glass etc. 
k for casting high grade solid insulation. 
k for impregnating, potting or sealing 
electrical windings and components. 


of characteristics and uses. 

k for producing glass fibre laminates. 

★ for producing patterns, models, jigs and tools. 
k as fillers for sheet metal work. 
k as protective coatings for metal, wood and 
ceramic surfaces. 


c Araldite 5 


epoxy resins 


Aero Research Limited A Ciba Company • Duxford • Cambridge • Telephone: Sawston 2121 


AP. 264-190 
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Personal Credit Plan 

We are proud to represent the products of these inter- 



WOOLLETT LOWTHER GOODMANS 

LEAK GARRARD G.E.C. 

COLLARO ACOUSTICAL QUAD W.B. 

S si:: 

no18 18 0 46/5 0 18/3 18 18 0 

Z SSI l?i SSI 

■ SsE? '1 S! tit 

G.E.C. Metal Cone . 9 5 0 23/11 4 12 6 10 2 6 13 7 

Goodmana 150 Mk. II .. 10 15 9 27/4 5 8 0 11 6 10 15 9 

„ Axiom 80 .... 24 4 9 69/3 12 2 6 22 8 17 10 0 

Slliii ii Si 


e * g MAIL ORDER SUPPLY CO. ? e 3 , 1 


EDDYSTONE ( 


ATION RECEIVERS 



nisi 


m 

55 COUNTY ROAD, 


The 


SERVICES LTD., 


LIVERPOOL, 4 



MANUFACTURERS OF 

AUTOMATIC & HAND 
COIL WINDING 
MACHINES 

ETA TOOL CO. 

STER) LTD. 

ROAD, LEICESTER 
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TECHNICAL DATA 


on the NEW Type 515 Oscilloscope 


DC-TO-l 5 MC PASSBAND 

High in performance, but low in size, weight, and cost, the 
Type 515 fits a relatively new requirement area. Besides its 
extra capabilities in applications requiring vertical response 
out to 15 megacycles, it occupies less space and is easier to 
handle than most other general-purpose laboratory oscil¬ 
loscopes. 

variable : Risetime of the dc-coupled 

VOLTS/CM vertical amplifier is less than 

23 millimicroseconds. Sen- 
! sitivity is accurately cali¬ 
brated, 0.1 v/cm to 50 v/cm 
1 in nine steps. A variable 
control adjusts the sensitiv- 
mu , ity between calibrated steps 
IP and out to 125 v/cm. To 
f \ help avoid accidental inac- 
‘HSSSSi curate readings, a warning 
light indicates an uncali¬ 
brated condition when the variable control is in use. A 
balanced network delays the signal 0.25 gsec to permit ob¬ 
servation of the leading edge of the waveform that triggers 
the sweep. Direct input capacitance of approximately 36 
gpf is reduced to approximately 10 ggf by use of the lOx 
attenuator probe supplied with the instrument. 



SIMPLIFIED SWEEP CONTROL 

All 22 of the Type 515’s accurately calibrated sweeps are 
selected by the same control knob. This knob also indicates 
the sweep time-per-centimeter when the 5x magnifier is in 
use, making mental calculation of time intervals unneces¬ 
sary. The normal sweep is 


. TIME/CM 


I expanded to 50 centimeters 
by the magnifier, and the 
horizontal-position control 
i has sufficient range to dis¬ 
play any 10 centimeters of 
the magnified sweep. To 
j maintain uniform bias on 
the control grid of the ca¬ 
thode-ray tube for all sweep 
speeds and repetition rates, 
the unblanking waveform is 
dc-coupled. 

Calibrated fixed sweeps 
extend from 0.2 gsec/cm to 2 sec/cm. A variable control 
makes the sweep range continuous from 0.2 gsec/cm to 
6 sec/cm. Here again a warning light indicates an uncali¬ 
brated condition when the variable control is in use. 



AUTOMATIC TRIGGERING 

Automatic triggering is a real convenience in a great many 
.oscilloscope applications. This one position, without fur¬ 
ther adjustment of the triggering controls, permits signals 
of .widely differing frequencies and amplitudes to initiate 
the sweep, and provides a reference trace on the screen in 
the absence of an input signal. The automatic circuit oper¬ 
ates at a natural rate of about 50 cycles, but synchronizes 
readily with incoming signals from 60 cycles to 2 mega¬ 
cycles. 

Triggering versatility is one of the many highly-useful 
qualities of the Type 515. You can trigger the sweep from 
either the positive or negative slope of an internal, exter¬ 
nal, or line-voltage signal. On any of these signals, you can 
trigger the sweep at a selected amplitude level. You select 


either ac or dc-coupling through the trigger circuitry. You 
can synchronize the sweep with sine-wave signals up to and 
beyond 20 megacycles. You can block out the low-frequency 
component of a composite signal, permitting the high-fre¬ 
quency component to trigger the sweep. These complete 
triggering facilities make possible a steady display of just 
about any signal you are likely to encounter. 

LARGE DISPLAY AREA 

A full 6-centimeter by 10-centimeter linear display can be 
presented on the screen of the new Tektronix cathode-ray 
tube. Type T55P, developed especially for this instrument. 
Characteristics of this new tube help make possible the 
wide signal-handling 
range and excellent 
transient response of 
the Type 515. Accel¬ 
erating potential is 
4000 volts. A T55P2 
is normally supplied, 
but a Pi, P7, or Pll 
screen is available on 


PORTABILITY 

It’s a bit unusual for higher performance to come in an 
oscilloscope that’s smaller and lighter than previous models. 
But this combination of compactness and performance 
makes the Type 515 most convenient for those more-exact¬ 
ing field applications. Handling ease and simplified controls 
are characteristics also desirable in the increasing number 
of production-line test stations where high performance is 
a new requirement. The Type 515 weighs only 40 pounds 
and measures 9%" wide, 13V2" high, 21%" deep. 

OTHER CHARACTERISTICS 

Many of the other features you’d expect to find in any 
Tektronix Oscilloscope are part of the Type 515. Square- 
wave amplitude calibrator, sweep sawtooth and gate avail¬ 
able at front panel, illuminated graticule, and electroni¬ 
cally-regulated power supply are some of the "standard 
equipment”. New style cabinet with removable sides speeds 
any maintenance that may be necessary. 



TYPE 515 ...$750 (F.O.B. Portland, Oregon) 
£290.0.0 (Delivered in England) 

| ||t The above prices are exclusive of duty. 

UT|^ Represented in Great Britain by 

fi 109 LIVINGSTON LABORATORIES, LTD. 

Retcar Street, London N. 19 
Archway 6251 


Tektronix, int* 

P. 0. Box 831D, Portland 7, Oregon, U.S.A. 
Phone CYpress 2-2611 . Cable: TEKTRONIX 

TWX-PD 265 
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BRITISH DESIGNED 

MICROSWITCHES 


are in step with modern developments, 
using a specially designed free-hinge 
movement giving repeatability of switch¬ 
ing at exactly the same point of actuator 
travel. Please write for full details of the 
complete Pye range of microswitches. 
Two recent additions to the extensive Pye 
range:— 


PYE LTD 

SWITCH Division 



OTEHALL WORKS, BURGESS HILL, SUSSEX 


I.C.S. training supplies the spark you need 
to further your career. The Courses I.C.S. 
offer are practical and up to date, they 
recognise the present emphasis on Frequency 
Modulation, and they can help you attain 
one of the many well-paid posts that exist 
today in the radio world. Prepare yourself 
now, at home and in your own time, with the 
expert help of I.C.S. tutors. 

The cost of an I.C.S. Course is moderate and 
includes all books. 


ENGINEERING 

• T/V ENGINEERING 
RADIO SERVICING 

• RADIO ENGINEERING 

• RADAR ENGINEERING 


E. l.C°.S.[ U 711 


INTERNATIONAL CORRESPONDENCE SCHOOLS 

»ase send FREE book on . Age .. 


mssM&smm 


JASON stv itch -its n cti 

F.M. UNIT 



* STABLE 

* EASILY PRE-TUNED 

* EASILY INSTALLED 

The introduction of this stable and depend- ... 
able 4-valve F.M. Tuner in which the III 
desired programme is tuned-in by a 3- III 
position switch marks a logical development III 
in F.M. technique. Pre-tuning is very easy ||| 
and once set no further adjustment becomes III 
£19 16 2 necessary. With Automatic Frequency Con- ||| 

Inc Pt' trol. External power source required. Details III 

and name of your nearest supplier on request. Ill 

IASON ELECTRONIC & MOTOR CO. 

J 328, CRICKLEWOOD LANE, LONDON, N.W.2 I 

Telephone: SPEedwell 7050 
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soir 


MINIATURE 


The elements of ORYX instruments 
are mounted at the tip of the stainless 
steel shafts. No loss of heat and 
maximum efficiency are the result. 
Strictly controlled heat (not too 
little, not too much), giving exact 
soldering temperature. Robust con¬ 
struction without mica, ceramics, 
pins, etc. Simple, push-on spare bits, 
easily replaced. Finger-tip control. 


Model 6 

Designed for soldering hair-springs, 
transistor work and miniature in¬ 
struments. The only model with a 
non-replaceable bit. For 6 volts only. 


Model 6A 

Designed for production and main¬ 
tenance of hearing-aids, printed 
circuit-work and transistor-assem¬ 
blies. For 6 volts only. 


Model 9 

Designed for miniature radio and 
instrument work, relays, switches, 
small assemblies, etc. Available for 
6 v., 12 v. or 24 v. 


Model II 

Designed for special high-tempera¬ 
ture work, soldering temperature 
approx. 100° above normal. For 6 


Model 12 

Designed for maintenance work on 
television, and radio sets, aircraft 
work, electronic instruments. Avail¬ 
able for 6 v„ 12 v„ 24-28 v. or 50 v. 


Model 18 

Designed for high-speed soldering 
on production lines. Prevents 
fatigue by operators and damage to 
surrounding components. For 6 
volts only. 



SOLE DISTRIBUTORS 

ANTEX 


3 TOWER HILL 
LONDON E.C.3 

Telephone Royal 4439 Cables ANTEXLIM 
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/ ORTiPHONE MINIATURE COMPONENTS 
FOR CONSTRUCTING THE Milliard 


Circuits 

in the 

Booklet “TRANSISTORS 

FOR THE EXPERIMENTER ” 

Circuit 

II, 

page 29 

miniature transformers 

A203, A204 

15/6 each 

post free 



larger type 

P203, P204 

17/6 

Circuit 

4, 

page 27 

driver transformer 

P29I 

17/6 




multi-ratio experimental types 

MM-I Match master 

25/- 






PM-I Powermaster 

30/- 


Circuit 

5, 

page 27 

coupling transformers 

N22, N23 

10/- 




slide switch 

SW/5 

4/- 





socket 

SK/4 

1/6 





cord 

14/-/14 
“long large” 

5 /- 





earphone eartip 

2/9 





special earphone (250 ohms) 

L 

18/- 


Circuit 

7, 

page 28 

special earphone (600 ohms) 

D two dot 

22/- 



for further details of these and other subminiature components, write to 

FORTIPHONE LTD., COMPONENT DIVISION, 92, MIDDLESEX STREET, LONDON, E.l 



3 ^(B.Brown 

AUDIO AIDS 

Headphones with indi¬ 
vidual volume control. 

Ideal for use with church 
and cinema deaf aid 
installations or for 
individuals with im¬ 
paired hearing. 

They provide the 
essential clarity of 
reception when listen¬ 
ing to Radio and T.V" 
Send for Brochure ‘ W ’ of 
all types available. If desired, 
advice is given on selection of 
type most suited to individual needs. 
S. G. Brown provide Headphones and associ¬ 
ated equipment for all known purposes. 



SHAKESPEARE STREET, WATFORD, HERTS. 

Telephone: Watford 7 241 


PRE-SET CONTROL LOCK 


Designed to lock the spindles of pre-set 
potentiometers or trimmers without rota¬ 
tional or lateral displacement 
of shaft. 


Very attractive 

1 appearance for Send for 

panel mounting. leaflet A.I 



“KNOB LOCK” 

The idea! method of locking 
panel mounted controls. Positive 
guard against vibration, etc. 


1 knob and ins 


SUTTON COLDFIELD ELECTRICAL ENGINEERS 

Reddicap Trading Estate, Sutton Coldfield, sut soss & sees 
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For full details mite to 

SALFORD ELECTRICAL INSTRUMENTS LIMITED 

PEEL WORKS • SILK STREET SALFORD 3 • LANCS. 

A SUBSIDIARY OF THE GENERAL ELECTRIC CO. LTD. ENGLAND 
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TYPE AT.23 3 Mc/s to 300 Mc/s 

TYPE AT.25 100 Kc/s to 100 Mc/s 


WIDE BAND 

TRANSFORMERS 


| BALUN LIMITED 

ini .....iiiiiiiiiI 


★ Less than 2dB Insertion Loss. 

★ Balance ratio better than 20dB rising 
to over 60dB at low frequency end of 
band. 

Input impedance 75 ohms unbalanced. 

★ Output impedance 75 ohms balanced. 

★ Hermetically sealed and fully tropical. 

Send for descriptive leaflet “ W” 
giving details of the above and many 
other types. 
















January, 1957 


Wireless World 


71 


No other range of ' 

HIGH FIDELITY LOUDSPEAKERS 
offers you such a choice... 


Full Range Single and 2-Way Loudspeaker Systems 


15 WATTS 20 WATTS 


I 5 WATTS 20 WATTS 


16 kc/s 
15 kc/s 




16 kc/s 
IS kc/s 


- fs&W 


t -x ' w* 

v9 
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-towards perfection- 

LOWTHER LINEAR AMPLIFIERS 

Exclusive Lowther Design and Build 

The new range “ Lowther Linear ” amplifiers sur¬ 
pass all previous multi-loop feedback or basic ultra 
linear technique by the utilisation of the suppressor 
grid of the Mullard power pentode EL34 into the 
distributed load circuit which enhances the per¬ 
formance in all detail. 

Generous in design, the amplifier’s performance will 
remain at its high laboratory test specification 
throughout many years of use. 

THE LOWTHER MANUFACTURING COMPANY, 

LOWTHER HOUSE, ST. MARK’S ROAD, BROMLEY, KENT, ENGLAND. Tel.: RAVensbourne 5225 



Lowther Linear Amplifier 
IA.IO £25 


















“Put this on record” 

The Sonotone Pick-up Cartridge is virtu¬ 
ally accepted as a criterion for operation 
in all climates and is now available in 
Gt. Britain from Technical Ceramics Ltd. 


Design engineers and radiogramophone 
manufacturers are invited to contact 
Technical Ceramics Ltd. for further inform¬ 
ation regarding this outstanding product. 



^ TC3 


Technical Ceramics Limited, Wood Burcote Way, Towcester, Northants 
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/3PCOLP\ 

[Repd. Trodm Mark) 

SOLDERING INSTRUMENTS 

& ALLIED EQUIPMENT 



ILLUSTRATED 

DETACHABLE 
■ft-' BIT MODEL 
LIST No. 64 


Protective 
Shield 
List No. 68 


CATALOGUES HEAD OFFICE SALES & SERVICE 


ADCOLA products ltd., 

GAUDEN ROAD, 
CLAPHAM HIGH ST., 
LONDON, S.W.4. 


TELEPHONES : 
MACaulay 3101 
& 4272 




STEWART TRANSFORMERS Ltd. 


ze 10/CSB 

__,_and performance at £5/11/3. 

Wharfedale Super 3. One of the best HF units available. £6/19/11. 

• Modest dimensions 20 in. w. X 2?i in. h. X II in. d. at base 

• Real high quality reproduction 

• All the advantages of dual speaker systems 

• Ideal for stereophonic sound 

It is impossible to give full details of this magnificent^ enclosure 

demonstrated at owr showrooms on a wide range of amplifiers, 
including the new Goodsell PRESIDENT and MA5IUL/C. 
Demonstrations daily. 10.30 a.m.— 5.30 p.m. Saturdays 
10.30 a.m. —12.30 p.m. Trade enquiries invited. 

B. K. PARTNERS LTD. 

229 REGENT ST„ LONDON. W.l. (EntranceHanover St.) 'Phone: REG 7363 


incorporating 
“C” cores or 
conventional 
construction 


TL TRANSFORMERS 

based on sound design and are 
manufactured to the highest standards 
called for in the electronic and com¬ 
munication fields. Consult us for 
your next transformer requirements. 

MANUFACTURERS AND TRADE ONLY 


75, KILBURN LANE, LONDON, W.IO • LADbroke 2296/7 
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Plessey makes available to Overseas Industry a 

range of superior components, including many interesting 

developments for 90° scanning angle receivers. 



LIMITED • ILFORD - ENGLAND - The Overseas Sales Organisation of the Plessey Group 

^PIC.1 


for American and Continental high 
definition systems... 


This range incorporates not only many new items, 
but also improvements on established designs, 
and a continuation of research into basic materials 
and methods of production has resulted in 
components of high performance at economic cost. 
Overseas Design Engineers and Equipment 
Manufacturers are invited to write for full information. 
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the IMP 





"RODEVCO 


BARMESTON ROAD, 


LTD. 

AT FORD, • LONDON, S.E.6 


elIctronTcP 

CUSTOM BUILT EQUIPMENT 
FOR INDUSTRY & RESEARCH 

Prototypes, Development, Production 

transformerT 

For power distribution and 
electronic application: 
Ranges from small electronic 
types, up to 50 kVA, ortho¬ 
dox and C cores. I-Phase 
and 3-Phase Oil and Air 
Cooled Phase conversion, 
etc. Special types for Fur- 

AND A.R.B. APPROVED 

to H.M. Government 


BEN NET ROAD,^READING 



ADAPTATAPE 



i'SL.e 

,sic Stores, II 

,a-. S.W.,. 

SONOMAG Ltd., 


si’s Road, Stockwell, S.W.9 























‘multicon’ plugs and sockets 


The reliability of the connectors used can determine the 
dependability of electrical and electronic equipment. 
In the range of Painton 'Multicon' Plugs and Sockets are types 
uitable for most applications, whether used as cable connectors, 
for linking cables to panels or chassis, or as unitors. 

In addition to the type of cover illustrated, there is 
a similar range with die-cast covers allowing checking of the 
onnections without interrupting the operation of the circuit. 

Please ask for full details of Painton 
‘Multicon’ Plugs and Sockets. 
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don't make them! 


Recording tapes which have an abrasive 
action produce wrinkles on your head, 
thus reducing the quality of the recording. 
Mastertape has a high polish which 
remains so. Make sure that 

your recordings are good and stay so. 
Mastertape can be used 
on any tape recorder. 


Mastertape 


If your dealer has no stock, write direct to 

M.S.S. Recording Co. Ltd., Colnbrook, Bucks. Tel. Colnbrook 430 




True Hi-Fidelity - 


to 


VORTEXION 

Tape Recording Equipment 

n use with latest WHARFEDALE 
& GOODMAN’S HI-FI Speakers 

• SPECIAL DEMONSTRATIONS 

on 1st and 3rd Saturdays of each month 
BY INVITATION ONLY 

Times: II a.m.-l2.l5 p.m. • 2.30-3.30 • 3.45-4.45 p.m. 

NO SALES FACILITIES ON THESE DAYS 

Write or phone for invitation to 
London’s Leading Agents: 


GRIFFITHS HANSEN (RECORDINGS) LTD. 
32/3, COSFIELD ST., LANCHAM ST., W..1 



AUTOMATIC COIL 
WINDING MACHINE 

Type Al/1. (25-50 S.W.G.) Type Al/X. (19-46 S.W.G.) 

This machine is the most modem on the market and it 
possesses many exclusive refinements including: 

Dustproof construction throughout 
Provision for winding up to four coils 

Wire Gauge Indicator engraved with 
various wire gauges to which the 


o hold two 

We 

send you 

let giving a 
full technical 
specification 
request. 


ICo |ectric |td 

73 UXBRIDGE ROAD, EALING, LONDON, W.5 
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Important 
news for 


electronic engineers 


For 33 years Wireless Engineer has served the 
world’s leading engineers, designers and technicians, 
publishing original work of eminent physicists and 
research engineers. Now, under the new title of 
Electronic & Radio Engineer, and with a 40% 
increase in content, its influence is to be extended 
to include information of more immediate applica¬ 
tion in both electronics and radio. With the con¬ 
tinued support of an advisory board representing 
Universities, the D.S.I.R., the B.B.C. and the 
Post Office, and with an enlarged Abstracts section, 
the new Electronic & Radio Engineer will 
prove indispensable to all concerned with design, 
development, production and industrial application 
of electronic and radio apparatus. To be certain of 
beginning your readership with the first issue— 
out in January—complete the coupon NOW. 


A representative selection from the contents of the January and 
subsequent issues : 

PHASE-ADJUSTING CIRCUITS: A review of the 

characteristics of simple-type phase-adjusting circuits. 
SELECTIVE ADMITTANCE MEASURING SET: Speci¬ 
fically for measurement of aerial admittance, but of 
general application wherever measurements must be made 
under conditions of interference. 

GAS-FILLED VOLTAGE STABILIZERS : The results of 
a series of measurements in tubes. 

NON-LINEAR CIRCUIT EQUATIONS : Solution of some 
non-linear problems. 

TRANSISTOR PULSE GENERATOR : A simple generator 
using complementary transistors. 

CALCULATION OF CAPACITANCE : Geometrical method 
of computing capacitance. 

STANDARDIZATION OF CIRCUITS: A critical review 
of an American National Bureau of Standards publication. 
SOLENOIDS FOR AIRBORNE APPLICATIONS : Design¬ 
ing magnet coils for minimum total weight taking into 
account the effective weight of the power supply. 


POST THIS COUPON TODAY 


TO ILLFFE & SONS LIMITED, DORSET HOUSE, STAMFORD STREET, LONDON, S.E.I. 


□ 

□ 


Please enter my subscription for 1 year (12 issues) to ELECTRONIC 
& RADIO ENGINEER. Remittance value £2.9.0 enclosed * 
Pleased send me a specimen copy of ELECTRONIC & RADIO 
ENGINEER. 

SIGNED.,.......... 


ADDRESS....... 

* Overseas Readers. Take advantage of our introductory offer of 3 years’ subscription for 
the price of 2. Remit £4.18.0 by International Money Order or Banker’s Draft today. 


ELECTRONIC & 
RADIO ENGINEER 
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HEWLETT- 

PACKARD 


524b ELECTRONIC 
COUNTER 

WITH THE 

540 a TRANSFER 
OSCILLATOR 


MEASURE TO 12 KMC 

and ! 3 50A=h.f. OSCILLOSCOPES 


NOW BEING 
DEMONSTRATED 
AT THE OFFICES OF 

LITHGOW 

ELECTRONICS 

198-200 BATH RD. LTD 
Write or phone SLOUGH 

for appointment TEL.: 21292 
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climate- 

proof 

paper 

capacitors 


There has long been a need for a superior type of paper 
capacitor—one which is completely reliable a nd able to 
withstand every extreme of climatic variation. [ piesseaT] 
meets this need. Its flattened shape enables greater capaci¬ 
tance with higher working voltage to be contained in a given 
volume, while saving space on group and tag-panels. 

A hard lacquer final coating completely shrouds the 
capacitor and gives physical protection to the special 
hard wax housing, thus completely excluding moisture. 


f piesseail exceeds the requirement of specification RCS11 
Grade H2 for tropical storage and is therefore comparable 
in this respect to many metal cased paper capacitors, 
with the additional advantage of costing much less. 


standards 

in 


note these f Rie SS « 

^Improved shape saves space 

^Capacitances from .0005;jF to 
I (iF, in popular and logarithmic 

*Voltage ranges, 150, 250, 350, 

500, 750, 1000 volts D.C. 

*lnsulation resistance greater 
than 4000 M n.jiF at 20 C. 
*Non-inductive. 


Design Engineers are invited 


jSf| features 

* Breakdown voltage in excess 
of 6 times working voltage. 

*Comp!ete protection against 
all conditions of humidity. 

^Working temperature up to 
85°C. 

♦Electrostatic screening 

to ask for further details 



THE PLESSEY COMPANY LIMITED • KEMBREY STREET • SWINDON • WILTS • Telephone: SWINDON 5461 


m 
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Stockists of all Radio and Electronic components for 
manufacturers, laboratories. Educational authorities, 
and the amateur. 

MULLARD 510 AMPLIFIER AND G.E.C. 912 AMPLIFIER—ALL 
PARTS STOCKED AND AVAILABLE ON H.P. 


★ 


INCLUDING ELCOM, BULGIN, TCC, HUNTS, DENCO, ETC 
DETAILED LISTS ON ABOVE AVAILABLE 
ALL AVO, TAYLOR, INSTRUMENTS FROM STOCK 
NEW CATALOGUE AVAILABLE 2{d. STAMP. 


Radio Servicing Company 


82, SOUTH EALING ROAD, LONDON, W.5. 


Telephone : EAL. 5737 


Next. 


; Tube (TURN LEFT) ' 



EXPORTERS OF RADIO, TELEVISION AND 
INDUSTRIAL TUBES, HAVE PLEASURE IN 
INTRODUCING THEIR BRAND 


WALMORE ELECTRONICS LIMITED 


AND INVITE ENQUIRIES FROM BUYING 
AND CONFIRMING HOUSES EXCLUSIVELY 
FOR EXPORT 


PHOENIX HOUSE, 19/23 OXFORD STREET, 
LONDON, W.l. 

Telephone: GERrard 0522 Cables : Vaiwexpor 

For immediate response Telex London 8752. 




Walrad 


BRITISH PHYSK 


[||j| LABORATORIES 


London: Stockist: M.R. SUPPLIES LTD., 68, New Oxford St., W.C. 


RAD LETT, HER TS. 


Tel: RADLETT 5674/5/6 


SUPPLIERS OF RADIO COMPONENTS 
ELECTROLYTICS, AND CATHODE RAY 
TUBES. 




















January, 1957 


Wireless World 


83 



^^FLEXIBLE 

remote 

CONTROL 

OUTFIT 


FLEXIBLE -- 

REMOTE CONTROL OUTFITS 


Our experience m the industrial field has indicated that there is a definite need for this type of 
outfit offering facilities for making prototype flexible remote controls as required. 

The two gauges of Remote Control flexible shafts in these outfits cover the range of torque load¬ 
ings required for • volume controls • all types of wave change switches • condensers 
• all controls likely to be met in electronic, radio and television equipment. 

The outfits are reasonably priced and comprise : 


length. £7. 0.0 

length. £7.10.0 


BRITANNIA WORKS. 2S-3I ST. PANCRAS WAT, I 
LONDON. N.W I. Telephone : EUSton 5393 


(For use without flexible casing) 
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ARCOLECTRIC 


SIGNAL 

LAMPS 


S.L.90/SB 

Low voltage 
signal lamp 
for M.E.S. bulbs 


Neon signal lamp for 
all mains voltages. 
Single hole fixing. 



Mains voltage 
signal lamp 
for 15 watt B.C. 
pigmy lamps. 


Write for Catalogue No. 129 


Arcolectric" 

SWITCHES- LT D 

V___ J 

CENTRAL AVENUE, WEST MOLESEY, SURREY 


THE 

BRITISH NATIONAL 
RADIO SCHOOL 

ESTD. 1940 


NOW IN OUR SIXTEENTH YEAR 
AND STILL 

NO B.N.R.S. STUDENT 
HAS EVER FAILED 


GIVE YOURSELF THE BEST 
HEW YEAR PRESENT EVER- 
A B.N.R.S. Study Course 


A.M.Brit.I.R.E. and CITY and GUILDS Radio and 
Telecommunications Exams., etc., etc. 



ASK ARTHURS FIRST 

Valves and C.R.T.s in great variety 
AVO METERS IN STOCK 

Avo Model 7 . £|9 |o 0 

Avo Model 8 . £23 10 0 

COSSOR Oscilloscope Model 1035 .£120 0 0 

COSSOR Oscilloscope Model 1052.£104 0 0 

ADVANCE AND TAYLOR Meters always in STOCK 
LEAK TL/10 Amplifier and “ Point One ” 

Pre-Amplifier. Complete. £28 7 0 

LEAK F.M. Unit with built-in Power 

Supply . £33 15 0 

JASON F.M. Unit with Power Pack. £19 7 0 

CHAPMAN F.M.8I Unit £21 0 0 


LOUDSPEAKERS, RADIO, 
TELEVISION, RECORDERS 
AND RECORD PLAYERS OF 
LEADING MAKES 

Goods offered subject to being 

0 WE WELCOME YOUR 
ENQUIRIES on Radio and 





























January, 1957 


Wireless World 


85 




HAS SUCH EXCELLENT EFFICIENCY 
AND STABILITY IT CAN BE USED 
SUCCESSFULLY IN MANY BADLY SCREENED 
OR EXTREME FRINGE RECEPTION AREAS. 


fh' SPECIALLY DESIGNED TO 
PRECEDE HIGH FIDELITY EQUIPMENT 


V.H.F. 
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Recapture the atmosphere 


of the 


Festival Hall 


in your own home 

wi 111 Classic HI-FI 

The expectant murmur of the crowd, mingled 
with the discordant wail of tuning violins. The 
hush as the conductor raises his baton. And 
then—the beauty of a Mozart symphony or a 
Beethoven concerto floods your room with its 
magnificence. No matter where you live a Hi-Fi 
sound system can bring the Festival Hall right 
into your home. A Hi-Fi gramophone or radio 
is an instrument refined and improved almost 
beyond belief. And Hi-Fi is not particularly 
expensive. We send sound systems and com¬ 
ponents of various kinds to all parts of the world, 
so write today for our fully illustrated brochure 
“ WHAT IS HI-FI ? ” to 


352/364 Lower Addiscombe Road, Croydon, Surrey. Telephone: ADDiscombe 6061/2. Telegrams: Classifi, Croydon, Surrey. 
Bus services: 59a, 54,12 and Green line—725. Nearest stations: Woodside. Addiscombe. East Croydon. 



WITH 3 OFT. HFH1IICK 


COMPLETE WITH ALL STAYS AND 
HAULING TACKLE INCLUDING : 

9-10 ft.x21 in. dia. Seamless Tubular 
Steel Mast Sections. 

3 ditto Derrick Sections. 

16 Coppered Steel Stays. 

Rope Hauling Tackle, Anchor 
Pegs, etc., etc. 

COMPLETE IN MAKER’S CASES. 

TOTAL WEIGHT APPROX. 8t CWT. 

Carriage paid within 30 JH- JF, 1 | j | 

miles of London. JKSr 1"" V 

Provinces Carriage extra. COMPLETE 

A. PRESTON & SONS 

186, SUSSEX WAY, LONDON, N.I9. 



FREQUENCY METERS 


2i-8" up to 10,000 cycles 
DIFFERENTIAL A.C. CURRENT 
METERS 

COMPARING THE MAGNITUDE 
OF TWO CURRENTS. 

PHASE SEQUENCE INDICATORS AND 
SYNCHROSCOPES UP TO S Kc 
A Full Range of Switchboard and Portable 
Instruments 

THE ELECTRICAL INSTRUMENT 
CO. {HILLINGTON), LTD. 

Boswell Square Industrial Estate, Hillington, 
Glasgow, S.W.2. Halfway 1166 and 2194 
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World-Famous for Proven 
Reliability and Performance 

RCA 
SHORT¬ 
WAVE and 


TRANSMITTERS 


Since its formation in 1919, Radio Corporation of 
America has been in the forefront of major ad¬ 
vances in radio communications of every type. In 
virtually every corner of the globe RCA short¬ 
wave and medium-wave broadcast transmitters 
are providing day-in, day-out dependability under 
all extremes of climatic and operational conditions. 
As the producer of the finest in transmitters, its 
experience in the radio industry is unparalleled. 
At its research and engineering laboratories, RCA 
engineers conceive and develop the most advanced 
and improved circuits and mechanical components. 
New RCA electron tubes and semi-conductors are 
being developed and produced to meet the chang¬ 
ing needs of the entire industry, as well as specific 
RCA equipment. 

For over a quarter of a century, RCA scientists 
have provided a constant flow of technical knowl¬ 
edge to the expanding radio and electronic industry 
...and products, facilities, and services to the 
world. 

The RCA monogram is universally recognized as 


a symbol of the radio age, that has brought new 
pleasures in entertainment, new techniques of com¬ 
munication, and new opportunities to millions of 
people throughout the world. It is a mark of qual¬ 
ity and superior craftsmanship. 

RCA broadcast transmitters have proven their 
economy and dependability in many years of long 
service for many types of broadcasters, such as 
the National Broadcasting Company network, the 
Finnish Broadcasting Company, Radio Pakistan, 
Radio Istanbul, and hundreds of private broad¬ 
casters. 

RCA short-wave communications transmitters are 
preferred by many governmental and private com¬ 
munications organizations. Transmitters up to 1.2 
megawatts of output have been built by RCA, and 
are used around the world to provide every type 
of radio communications. 

For the best investment in short and medium-wave 
transmitters see your RCA Distributor or write to 

Dept.. RCA International Division, Radio 

Corporation of America, 30 Rockefeller Plaza, 
New York 20, N.Y, U.S.A. 



RCA INTERNATIONAL DIVISION 

RADIO CORPORATION OF AMERICA 


30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y., U.S.A. 
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INTRODUCING a new range of 

HETERODYNE 

FREQUENCY METERS 

.. .for Laboratory, Field & Factory 


Complete Specifications on application to :— 

Sole Manufacturers TELEMECHANICS LTD 

(Instrument Division Dept, W.W.l) 

3 Newman Yard, Newman Street, London, W.l, England. 
Telephone: LANgham 7965. Cables: c Teleset ’ London. 


Designed and built to rigid Services Specification, these 
instruments are Crystal-controlled, portable hetero¬ 
dyne-type Frequency Meters used for Field testing and 
measurement of pulsed, modulated, or C.W.R.F. 
transmitters, receivers and signal-generators. 

TYPE 7475. 

Frequency Range: 85 to 1000 megacycles. 

7474. 

Frequency Range: 20 to 250 megacycles. 
Calibratioi 


TELEMAX 


E.H.T. POWER UNITS 

AS SUPPLIED TO LEADING UNDERTAKINGS 



WEST LANCASHIRE ELECTRONIC PRODUCTS LTD. 
OAKHILL WORKS .- LYDIATE 
Nr. LIVERPOOL 

Phone: MAGHULL 1755/6 


An 

introduction 
to the 
mechanism 
and 

applications 

of 

computers 


A new book for technicians 
engineers and students 

By T. E. Ivall 

A non-mathematical introduction to 
the mechanism and application of 
computers employing valves and 
transistors. Both digital and analogue 
computers are covered, the bulk of 
the book being devoted to describing 
their circuitry, while their rapidly 
developing applications in industry, 
commerce and science are also out¬ 
lined. In a final chapter the future 
evolution of computers is discussed. 
165 pp. Illustrated. 


ELECTRONIC COMPUTERS 


eubiishee o, I PRINCIPLES AND APPLICATIONS 

lliffe & Sons Ltd. I 

Dorset House. I 25S. net By Post 25s. 9d. 

Stamford Street, I 

London. s.E.1 I from your bookseller 
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The 

WOLS EY 
BAND III 
Convertor 


The Wolsey Convertor is a self-contained unit complete with 
power pack, comprising transformer with tapped primary 
for mains voltage selection, together with metal rectifier and 
R.C. smoothing. 

Though employing the popular valve line-up of cascode coupled 
P.C.C. 84 and P.C.F. 80 as mixer and output amplifier, the 
circuit otherwise departs completely from the conventional. 
Aerial input circuit has an input of 80 ohms over the Band III 
range this being achieved by critical resistance damping of 
the input transformer, from which the signal is fed to a 
neutralised cascode coupled R.F. amplifier. The cascode potential 
of this valve being adjustable so as to afford gain control. 



Coupling between the cascode and the mixer grid of the 
oscillator section of the P.C.F. 80 is made by a choke 
capacity arrangement which is constant over the whole of 
the Band III range. 

The oscillator section employs turret tuning of the eight 
channels and careful selection of component valves ensures 
minimum of drift. 

I.F. output from the pentode section of the P.C.F. 80, which 
is of course the local B.B.C. frequency, is fed via a 
stepped-down transformer to the low impedance output socket. 
Gain from input to output in excess of 20 dB may be easily 
obtained and no Convertor is passed on test unless it has 
at least this gain. 


WOLSEY TELEVISION LIMITED CRAY AVENUE ' ST. MARY CRAY ‘ ORPINGTON ' KENT 

Telephone: ORPINGTON 26661/2/3/4 (Electronics Division , Gos Purification & Chemical Co. Ltd.) 

W33 



CITY 


The High Fidelity 
Specialists 


WE OFFER THE FOLLOWING FROM STOCK 


THE NEW JASON F.M. TUNER 

3-STATION SWITCH-TUNED 

An excellently designed unit of great appeal with its 
single three-position switch for selecting the desired 
B.B.C. programme. Complete stability and ease of instal¬ 
lation are but two of the many outstanding features of 
this latest Jason Tuner. For building into cabinet. 
Hammered-gold finished front panel. Supplied tested 
and ready tuned. External power source required. 
Suitable for use with all quality £ 4 ft IP ft 
amplifiers. £ I il" I 0“A 

93-94 FLEET STREET, LONDON, 


Phone: FLEet St. 9391/2 
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Versatile Portable Oscilloscope? 

/£i What he needs is this 
FURZEHILL O.120A 



Frequencies up to 250kc/s ^ 
10 millivolts to 1,000 volts/cm 
X and Y amplifiers 
Symmetrical deflection both axes 

£71.10.0 ex works 

- immediate delivery 






SOUND SALES 


GILSON 

TRANSFORME 


s '. 2 : 

£1 15 0 


: II i! i 


$$£ « 'l l 

** tei !' ags - » A" * 


1 OUR DEMONSTATION ROOM 


• R^A. « TANNOy' R # w!b S 
9 WHARFEDALE. 


ilf-^ 


BERRIS 

25, HIGH HOLBORN, LONDON, W.C.I 


AM/FMRAmOGRAM 

L/S; 28 gns. 
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= You'll do better 



safety 

t Dariiirar.i. .i # 

ffuitc/tfeg 


... which give complete safety to the constructor 

complete safety from contact with the mains supply when handling the 


B.B.C. & I.T.fl. DESIGN No.1 with NEW TURRET TUNER 

MAY BE BUILT FOR £33-7-11 o^c.T? 


* B.B.C. (ALL CHANNELS) DESIGN No.2 

MAY BE BUILT FOR £27-9-4 of U c. C r?tT 

BUILD IN 5 EASY STAGES. FULL CONSTRUCTION 
DETAILS AVAILABLE. INSTRUCTION EOOK 3/6 POST 
FREE INCLUDES BOTH DESIGNS. 



The NEW "PREMIER" TAPE RECORDER 


CR 

Lu i 


DEPOSIT & 8 MONTHLY 

| PAYMENTS OF £4.18.6 or 
CASH PRICE £40 plus 21/- pkg.&carr. 


PREMIER RADIO COMPANY, 
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with PREMIER 


207, EDGWARE RD., LONDON, W.2. Tel: Ambassador 4033 & Paddington 3271 


























PREMIER RADIO COMPANY 




ILLUSTRATED LIST AVAILABLE GIVING 
FULL DETAILS OF BUREAU TYPE 
CABINETS 


;bargain offer* 

■ LATEST TYPE RUBBER ESCUTCHEON SUITABLE j 
FOR 17in. RECTANGULAR TUBES AT A SPECIAL’ 
PRICE OF 10/-. PLUS PACKING AND POST 1/6.1 


THE NEW COLLARO TAPE 
TRANSCRIPTER 

SPEEDS 3i, 7J A15 Inches per Second £80 pine phs. post 7/6 


CAB1NETS-PORTABLE 

Dimensions ai above.. 

mmEszrl 


,? F RSN? ’aEEaSIS 




P= €Sil^uT 



JUNCTION TRANSISTORS 


★ IT w " 

NEW H 




THE JASON “ARGONAUT” 

MW/FM DESIGN 

All Premier Components are designer approved 






■;Esi; 
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WEYMOUTH WNIATURE 
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gr^t^o/-. ag aaa 




CREDIT TERMS 
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ABC GOODS TRANSPORT GUIDE 

will tell you how they can be delivered! 

Essential to transport managers, despatch managers and consignors in all 
industries, the ABC goods transport guide provides up-to-the-minute, 
accurate information about the nearest and quickest means of despatching 
all kinds of goods to any part of the country. 

Act now to be sure of getting your copies of the January-December goods 
guide. Simply fill in the order form and post it TODAY. 

JAN.—JUNE issue ready NOW. 

Half-yearly issues; /an.—June 1957 and July — Dec. 1957 

5s. each POST FREE 


I-1 

| ORDER FORM 

| I lifte & Sons Ltd., Dorset House, Stamford Street, J 
London, S.E.1. 

| Please enter my order for.copies I 

■ of the Jan.—June 1957 and the July— > 

■ Dec. 1957 issues of the abc goods trans- . 

! port guide (at 10s. per set) for which I J 
J enclose remittance of. 1 


ADDRESS 
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after-safe worries! 


Let us say straight away, we do not claim 
to be able to solve all your after-sale 
problems. But if they include gramophone 
record players, then we do know the 
answer—as many leading set makers will 
affirm; for their problem disappeared the 
day they discovered the Monarch Auto¬ 
changer. 

At the B.S.R. works, teams of highly- 
trained inspectors eliminate after-sale 
problems before sale. At every manu¬ 
facturing stage each single component 
must pass their exacting tests; then, after 
assembly, pass even more stringent tests. 
Thus, many manufacturers report that not 
only is the Monarch free of after-sale 
worries, but it has also minimised their 
own inspection problems. 

Why not let our technical representative 
show you how much easier your day could 
be? He is at your service 


Worlds finest 
four Speed Autochanger 


BIRMINGHAM SOUND REPRODUCERS LTD. 


OLD HILL 


STAFFS. 
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200mW Transistor 



amplifier operated from a 6V supply 


In a previous advertisement (June 1956) details were given 
of an audio amplifier using transistors, which derived Its 
power from a nominal 4.5 volt battery. In portable equipment 
such as record reproducers. It Is convenient to operate the 
amplifier from the same supply as the turntable motor, and 
since most portable motors operate from a 6 volt battery, the 
200mW amplifier circuit has been adapted for use with this 
higher voltage. 

The 4.5 volt and 6 volt versions are very similar in perform¬ 
ance, except for the greater sensitivity of the latter. Both 
are capable of an output of just over 
200mW with 10% total harmonic distor¬ 
tion. In the 6V amplifier, the gain at 8kc/s 
and 50c/s falls 3dB below level response at 
lkc/s. 

The sensitivity of the 6V version Is 
slightly higher than that of the original 
in spite of a higher series Input resistance 
of 330kO. This can be attributed to the 
higher supply voltage. Since the output 
stage requires a lower driving current, and 
a higher voltage is available for the driver, 
a higher turns ratio can be used for the 
interstage transformer T1 and thus the 
stage to stage gain can be increased. The 
basic sensitivity across the low impedance terminals YY Is 
3mV, compared with 6mV in the original, and across the high 
impedance terminals XX it is 400mV compared with 500mV. 

The circuit and com- 


MULLARD COMPONENTS 


Milliard, pot cores and other Ferrox- 
cube components, air-space trimmers, 
Varite thermistors etc. are now avail¬ 
able in small Quantities for experi¬ 
menters. For information regarding 
the nearest source of supply please 
enquire ofMullard Valve Sales Dept. 
■ at the address below. 


transformer should be constructed to allow for unbalanced 

The d.c. resistance of each half of the primary winding of T2 
should be less than 3£2 and the total inductance should be 
greater than 0.5H. 

The dynamic load for each collector of the push-pull stage 
should be 72(1. The d.c. resistance of the secondary winding 
should be less than 5% of the load resistance and the leakage 
inductance should be low. 

The turns ratio of the output transformer, and the value of 
the feedback resistor R13 for various loud¬ 
speaker impedances are shown in the top 
left hand comer of the diagram. The loud¬ 
speaker impedance must be quoted when 
the output transformer is ordered from the 
manufacturer. 


Stabilisation 

Potential dividers R3, R4 and R7, R8 and 
emitter resistors R6 and R9 provide stab¬ 
ilised d.c. bias for the input and driver 
stages. 

Theeffects of changes in the temperature 
of the surroundings, production spreads 
in the transistors, and deterioration of the 
supply battery on the performance have been minimised by 
careful choice of the value of Rll. The optimum value is 
8.2kO, giving satisfactory performance under the conditions 
likely to be encoun- 



(sold in matched pairs as Mullard type 2-OC72). 


chosen to match the loudspeaker load, as shown in the table. 


Interstage Transformer 

The turns ratio of the interstage transformer, Tl, which is 
rated at 2mW, is 3.5 :1+1. The inductance of the primary 
should be 10H with a current of 15.mA d.c. flowing, and its 
d.c. resistance should be less than 2000. The resistance of 
each half of the secondary should be kept below 500 and the 
leakage inductance should be as low as possible. The d.c. 
currents in the secondary windings are balanced. 

Output Transformer 

The output stage is matched to the load by a push-pull 
transformer, T2, rated at 250mW. For a 30 load the turns 
ratio is 4.9+4.9 :1, for a 50 load, 3.8+3.8 : 1, and for a 150 
load, 2.2+2.2 :1. Each half primary should be capable of 
handling peak currents of 83mA. 

The currents in each half of the primary will only be 
balanced if the transistors in the output stage are perfectly 
matched. At large-signal currents it is possible for the OC72’s 
to be mismatched by as much as 35 %, consequently the output 


Filter Components 

An increase in battery impedance causes undesired feed¬ 
back through the supply to the earlier stages and it results 
in considerable distortion in the output. This unwanted 
feedback is prevented by the filter network C4-R10. 

Performance 

Output Power 

215mW at 10% total harmonic distortion 
Frequency Response 

Gain, at 50c/s and 8kc/s, is reduced 3dB below the response 
level at lkc/s 

Sensitivity (with nominal transistors) 

3.0mV at the low impedance terminals YY 
400mV at the high impedance terminals XX 
Current Drain 
5 to 6mA at zero signal 
15mA with average music 
75mA at maximum output with sine wave drive 


I Milliard I 

T.S.D. DATA and PUBLICATIONS SECTION, MULLARD LTD., MULLARD HOUSE, TORRINGTON PLACE, LONDON, W.C.1 



























EDITORIAL COMMENT 


INFORMATION THEORY AND BROADCASTING 

Broadcasting techniques are now pretty well established, both on the 
engineering and programme sides. But, all the same, it might be a 
worth-while New Year’s resolution for broadcasters to decide upon a 
re-examination of these techniques in the light of information theory. 
That theory, it will be remembered, did not originally concern itself 
with the meaning of the message or symbols transmitted. Of recent 
years, however, there has been a growing tendency to widen the scope 
of the theory, even to the extent of trying to fit the human mind into 
its place as a link of calculable capacity in a chain of communication. 

There is already quite a formidable and highly esoteric literature on 
this widened aspect of information theory. “Formidable” seems to 
be a singularly appropriate word in this context; any attempt directly 
to apply the principles enunciated to say, the improvement of broad¬ 
cast programme techniques, leads us into deep and turgid waters. But 
even an unsuccessful attempt may bring up useful ideas. 

For instance, the rate at which the human mind can assimilate infor¬ 
mation is always strictly limited, though it varies with the individual. 
This truism is brought out in an easily digestible form (though it must 
be admitted with no reference to information theory) in Professor 
Kapp’s book* on technical writing. All the author’s principles are 
applicable to some extent to the presentation of any kind of factual 
information (as opposed to imaginative writing or speaking) whether 
by the written or spoken word. The information in many broadcast 
talks seems to us to be presented at a rate that is far too high for the 
medium of communication. Some of them, indeed, can hardly be 
assimilated at a first reading when they are reprinted in The Listener, 
except perhaps by specialists. 

What appears to be another fundamental misuse of broadcasting, 
considered purely as a means of communication, is the employment of 
it for disseminating information of purely local interest. Surely that 
is a function that can be much better carried out by local newspapers. 
The inhabitant of, say, a small town is almost certain to waste a vast 
amount of time in waiting for news of happenings in his own little 
community—if it ever comes. And, taking the South-Eastern broad¬ 
casting region of England, what common denominator of local interest 
can be found to link a London suburb, a New Town, a cathedral city 
and a secluded village? 

This technically indefensible use of the radio medium for parish 
pump broadcasting, though representing an error of principle, is not 
highly significant in volume. On the wider issue, much of the 
philosophy behind the concept of regional programmes, to which the 
B.B.C. has long been devoted, seems to be based on an almost equally 
serious misconception of the proper use of the radio medium. For a 
small country like England, surely radio is essentially adapted to dis¬ 
tributing material of nation-wide interest. For example, a high pro¬ 
portion of listeners served on medium waves by the West Region must 
feel a much closer affinity with London than with the robust and rural 
West Country. 

* “The Presentation of Technical Writing” by R. O. Kapp. Constable. 
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Single-beam Colour Tube 


One of the main brakes on the development of 
colour television at present is the absence of a really 
cheap and simple colour display device that will 
make possible a low-cost receiver. It is doubtful 
whether the well-known three-gun shadow-mask tube 
is the best basis for this. Not only do three guns 
add to the expense of manufacture but they bring 
with them all the problems of registration (which are 
by no means solved in existing designs) and necessi¬ 
tate two extra wideband video output stages capable 
of providing about 100 volts swing and a stable black 
level. 

Fundamentally, what is required is a single electron 
gun controlled by a brightness signal, and a screen 


SCREEN (27kV) 



consisting of a mosaic of differently coloured phos¬ 
phor dots or strips, with some mechanism which 
ensures that the spot excites only appropriately 
coloured dots or strips depending on the colour 
signal. 

The Chromatron, or Lawrence tube, is one device 
that goes some way towards the ideal (see July, 
1953, issue, p. 329). Another, more recent, design 
is a single-beam tube developed by Philco in 
America which has hitherto been known by the code 
name “ Apple.” In this, as shown by the figure, the 
screen comprises a pattern of vertical phosphor strips 
arranged in the cyclic order R G B R G B, etc. 
There is no internal structure comparable with the 
shadow-mask in the three-gun tube or the colour¬ 
controlling grid in the Chromatron, but on the inside 
face of the aluminium film backing the phosphor 
strips there are strips of magnesium oxide which 
register with a particular one of the phosphor strips. 

The principle of operation here is that the incom¬ 
ing colour information is switched to modulate the 
tube according to the position of the beam. In other 
words, when the beam is passing across the red phos¬ 
phor strip the red signal is switched to the electron 


gun, when the beam is on the green strip the green 
signal is switched on, and similarly with the blue 
strip. 

In order to do this, some means must be incor¬ 
porated for continuously giving information on the 
position of the beam across the screen. This is 
achieved by means of a “ pilot ” beam (travelling 
parallel with the normal “writing” beam) in con¬ 
junction with the magnesium oxide strips on the 
screen. Magnesium oxide has a higher secondary 
emission coefficient than the screen’s aluminium 
backing, so that when the pilot beam crosses the 
strips it produces a greater secondary emission cur¬ 
rent than from the aluminium between, and a regu¬ 
lar pulsation is obtained. The secondary electrons 
are picked up by the conical collector electrode, 
which is at 30kV relative to the screen’s 27kV. 

The pulsation of secondary emission current gen¬ 
erates a signal at the screen, which is taken off 
capacitively by an external conductive coating. This 
waveform is known as an “ indexing ” signal and is 
combined with the colour signal to gate the writing 
beam at appropriate moments to produce the desired 
colours. 

In the absence of the colour signal the “Apple” 
tube produces a good black-and-white picture, 
simply because the writing beam energizes all the 
phosphors equally as it passes over them in rapid 
succession. No critical adjustments are required as 
in the three-gun tube, where the three separate beams 
must be correctly aligned and matched to give satis¬ 
factory colour—and monochrome—reproduction. 

Tubes of this kind are known generally as “ beam 
indexing” tubes. The main advantage claimed for 
the Philco version is that the task of maintaining 
tight tolerances is relegated to the manufacturing 
equipment rather than to the tube itself, where it 
would have to be faced every time a tube is made. 
Another important point is that no high-voltage 
power is wasted through interception or deflection of 
the beam by an electrode structure near the screen. 
Technicians in this country have, however, com¬ 
plained of a pattern of vertical dark lines on the pic¬ 
ture which results from the screen construction. Full 
details Of the tube have been published in the 
September, 1956, issue of Proc. I.R.E. 


Tubeless Colour Television? 

LOOKING forward beyond the single-beam tube and 
the flat tube (described last month), many people believe 
that the ultimate colour display will be a “picture-on- 
the-wall” device utilizing some solid-state phenomenon 
such as electro-luminescence. This method of pro¬ 
ducing light from phosphors by directly applied poten¬ 
tials* is now being actively investigated, mainly for 
lighting purposes and image intensification, but there is 
no doubt that the research workers have their eyes wide 
open for possible applications in television. 

The problem of constructing such an electro-lumines¬ 
cent colour display was raised by a speaker at a recent 
Brit. I.R.E. lecture on the light amplifier given by Dr. 
T. B. Tomlinson of G.E.C. It has been discovered that 
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the light emitted from the phosphor can be made to 
change colour with different frequencies, of a.c. excita¬ 
tion, and the speaker suggested that this effect might 
be exploited in some way. In reply Dr. Tomlinson 
said that the change with frequency could only be 
accomplished between green and blue, and in practice 
the method was only suitable for producing an overall 
colour change in complete sheets of phosphor. 

He felt that a more likely solution would be a mosaic 
type of screen made up of phosphor dots of different 
electro-luminescent materials, with some arrangement 
for activating the dots separately in synchronism with 
the scanning process. A method which has already 
been suggested involves a matrix consisting of horizontal 
wires on one side of the screen and vertical wires on the 
other. Each phosphor dot is placed at the intersection 
point of an x wire and a y wire and, in theory, can be 
activated separately by applying the appropriate voltage 
to these electrodes. Apart from the elaborate and high¬ 
speed switching system required for scanning the matr 
rix, one of the major difficulties, as Dr. Tomlinson 


pointed out, would be the inevitable stray cross-coupling 
between the electrodes. 

Earlier, the lecturer had demonstrated ^electro¬ 
luminescent panels of different compositions giving blue, 
green and orange lights. A good red, he said, was very 
difficult to obtain chemically. Other problems to be 
overcome were the low light efficiency and slow response 
time of the phosphors to activation, but the efficiency 
in particular was being steadily improved. 

In discussing the light amplifier itself, Dr. Tomlinson 
thought that it might possibly be incorporated in the 
screens of conventional television cathode-ray tubes. 
This would make possible lower velocity electron beams 
and hence lower e.h.t. voltages and reduced scanning 
power. However, one speaker who had seen an Ameri¬ 
can light amplifier in operation said that, although the 
amplification and picture quality were both good, there 
was a considerable time lag in response which would be 
a disadvantage on moving television images. 




Drilled-Femte Switching Circuit 


AN unusual form of construction for two-state switch¬ 
ing and computing circuits recently developed at the 
Radar Research Establishment consists of a block of 
ferrite with small holes drilled in it, with transistors 
mounted on top so that their leads pass directly through 
the holes. This has arisen from the need for switching 
circuits which are small, reliable and economical in 
operation. 

The idea of using small, square hysteresis-loop 
ferrite cores, with transistors to drive them from one 
state of remanent induction to thfe other, is becoming 
quite a well-known technique. Unfortunately it brings 
difficulties in manufacture in that the tiny cores—which 
are only 2mm across—require a great many turns of 
fine wire to produce the necessary switching m.m.f. 
from the small transistor driving currents. 

The desirable simplification is a one-turn winding, 
but to attain this it would be necessary to have a core 
shaped like a thin-walled tube which would be capable 
of being switched by a low m.m.f. In the absence of 



Fig. I. Construction of transistor/magnetic-cell two-state 
elements arranged as a shift register. 


such cores on the market, the nearest practical alter¬ 
native that can be switched by low currents is the 
“ magnetic cell ” or narrow hole drilled in a block of 
ferrite. This principle was described by D. S. Ridler 
and R. Grimmond at the recent I.E.E. Ferrites Con¬ 
vention (see December, 1956, issue, p.596), and the 
R.R.E. device was actually disclosed by G. H. Perry 
in a discussion following the paper. 

Fig. 1 shows diagrammatically the construction of a 
group of the transistor/magnetic-cell two-state elements 


arranged as a shift register. The change of flux in 
each magnetic cell resulting from the switching action 
causes a current to be induced in a one-turn winding 
connected to the base of the associated transistor. The 
amplified current change at the collector is then passed 
through a single-turn winding of the next magnetic cell, 
which accordingly changes its state and applies an 
induced current to the next transistor . . . and so on. 
The action is initiated by a third single-turn winding 
in each magnetic cell, which serves to introduce shift 
pulses for moving the pattern of 0 and 1 digits along 
the length of the register. 

The three pieces of 37 s.w.g. wire passing through 
each cell actually take the place of some 100 turns of 
47 s.w.g. that are necessary on a conventional ferrite 
core performing the same action. The only disad¬ 
vantage in using the magnetic cell is that it does not 
saturate. This means that the stored flux is largely 
dependent on the applied current, so that the two states 
are not so well defined and uncritical as in the ferrite 
toroidal core. 

Equipments based on the transistor/magnetic-core 
element already give, something like a 3,000:1 reduction 
in power consumption over valve circuits and about 
100:1 reduction in size. 


Student Exchunge 

SINCE the foundation of the International Association 
for the Exchange of Students for Technical Experience 
in 1948, nearly 29,000 students from 22 countries have 
taken advantage of the facilities provided by the 
Association whereby they can obtain practical experience 
abroad during the summer vacation. The 9th annual 
report records that in 1956 a total of 5,711 students went 
abroad under the scheme. By far the greatest number 
was from Germany (1,284) with Great Britain second 
(743). Sweden, who sent only 415 students abroad, 
received the greatest number (1,305) with Germany 
second (1,019). A total of 774 overseas students came 
to this country. 

Although the radio and electronics industry is not 
given a separate classification—it is included in electrical 
engineering—it is obvious from the lists of the parti¬ 
cipating companies and research organizations in this 
country and abroad that a large number of them are in 
this field. 

Details of the Association are obtainable from J. 
Newby, Imperial College, South Kensington, London. 
S.W.7. 
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Radio Shows 

WE HAVE often deplored the proliferation of ex¬ 
hibitions catering for radio and its electronics off¬ 
shoots. Will the situation be eased by the dates of 
some of the shows overlapping? 

The Radio Industry Council has announced that 
this year’s National Radio Show, which will again 
be held at Earls Court, London, will be from August 
28th to September 7th with a preview for invited 
guests on the 27th. The static section of the 
S.B.A.C. Show at Farnborough, which has become 
the aeronautical radio exhibition, will be held from 
September 3rd to 9th with a preview on the 2nd. 

The exhibition at which the marine side of the 
radio industry is usually well represented—the 
Engineering, Marine and Welding Exhibition—over¬ 
laps the National Radio Show still further, for it 
opens at Olympia on August 29th for fifteen days. 
Audio Fair 

ALL but four of the fifty-one exhibitors who have 
taken space at this year’s Audio Fair will have de¬ 
monstration rooms. The four-day fair will be held 
from April 12th to 15th, inclusive, at the Waldorf 
Hotel, Aldwych, London, W.C.2. 

It is being run by Audio Fairs, Ltd., a non-profit- 
making company on which the following serve “ on 
a purely voluntary basis ”: chairman, V. G. P. 
Weake (Pamphonic); vice-chairman, D. A. Lyons 
(Trix); M. L. Berry (Trix), L. H. Brooks (M.S.S.), 
J. W. Maunder (Vitavox), H. V. Slade (Garrard), 
G. E. Spark (M.S.S.), T. R. Threlfall (Goodmans). 



DOCTORS Bardeen, Shockley and Brattain (L to R), who 
jointly received the 1956 Nobel Physics Prize in Stockholm 
in December, photographed when they worked together on 
the development of the transistor at Bell Laboratories. 


G.E.C. Valve Policy 

A FEW months ago the trade name of “Osram” 
valves was changed to “ G.E.C.” This foreshadowed 
a change in policy resulting from the acquisition by 
the General Electric Company of the share in the 
Marconi-Osram Valve Company formerly held by 
E.M.I. 

In future, the M-O. Valve Company, which is now 
a wholly-owned subsidiary of G.E.C., will concern 
itself mainly with the manufacture of transmitting 
and special-purpose valves. Among the transmitting 
types will be klystrons, magnetrons, travelling wave 
tubes and backward wave oscillators, as well as 
valves for r.f. heaters. Receiving valves will include 
“reliable” and high-performance types in addition 
to audio amplifiers. Gas-filled valves such as thyra- 
trons and xenon rectifiers represent an important 
side of the company’s activities. 

News in Morse 

IT is some months since we published a schedule 
of the transmissions of English news bulletins pre¬ 
pared by the overseas press division of the Central 
Office of Information. For the bulletins to North 
America and the Far East an R.T.T. (printing radio 
telegraph) link, employing frequency-shift keying, 
is now used, and for a number of other areas the 
Hellschreiber method has taken the place of morse. 
There are, however, a number of areas for which 
morse is still used and below we give the latest 
schedule of these transmissions from Post Office 
stations. The morse speed varies from 22 to 28 
words a minute. 



Times (G.M.T.) 

Call 

(Mc/s) 

Distant Europe 

Tuesf to Sun. SS38} 

GIQ25 

5.365 

Middle East 

Tuesf to Sun. KIS} 

GBB33 

.3,595 

Caribbean 

Ear i m 

QB38 

!s^o 

South America 

Mon^to Sat. 3if2S 

g!s27* 

■jss 

Africa 

Konda? Fri - Sitaioo} 

GAY-tO 

20..00 


ilx. II 

II 

:i 


PERSONALITIES 

A.V-M. Raymond G. Hart, C.B., C.B.E., a member 
of Watson-Watt’s Bawdsey team in 1936, has been 
appointed controller of engineering and equipment at 
the Air Ministry. In 1941 he went to the Air Ministry 
as deputy director of radar. He was subsequently con¬ 
cerned with the planning of the air signals in the 
invasion of Europe and became chief air signals 
officer at S.H.A.E.F. 
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Under the Department of Scientific and Industrial 
Research Act, 1956, which came into force on Novem¬ 
ber 7th, a new research council has been formed in 
place of the former advisory council. Dr. H. W. 
Melville, F.R.S., is secretary of the council, and among 
the eleven members are Professor P. M. S. Blackett, 
F.R.S., (Imperial College) and Dr. Willis Jackson, 
F.R.S. (Metropolitan-Vickers). 

R. H. Tizard, B.A., A.M.I.E.E., who had been super¬ 
intendent of the Control Mechanisms and Electronics 
Division of the National Physical Laboratory, Tedding- 
ton, since its formation in 1954, recently left to take up 
an appointment at the London School of Economics. 
He is succeeded by Dr. A. M. Uttley, who from 1940 
until his present appointment was at the Radar Re¬ 
search Establishment (previously T.R.E.), Malvern 
During the war he was concerned with the design of 
a number of synthetic trainers, and more recently was 
largely responsible for the functional design of 
TREAC, the electronic digital computer used in the 
Physics Department of R.R.E. 

L. A. Woodhead, director and general manager of 
Cossor Instruments, Ltd., is the new chairman of the 
Electrical and Electronics Section of the Scientific 
Instrument Manufacturers’ Association. He joined the 
parent company, A. C. Cossor, Ltd., in 1930 and during 
the war was in charge of the final test and inspection of 
valves and c.r. tubes at a large shadow factory. 

William Culshaw, B.Sc., Ph.D., recently left the Radar 
Research Establishment, where he specialized in the 
field of microwave optics and later in millimetre wave 
magnetron development, and has joined the laboratories 
of the National Bureau of Standards at Boulder, 
Colorado. Dr. Culshaw, who joined T.R.E. in 1942, is 
in the N.B.S. Microwave Physics Section. 

Dr. A. V. J. Martin, until recently editor of our 
French contemporary Television, has been appointed 
professor of electrical engineering at the Carnegie 
Institute of Technology, Pittsburgh, Pennsylvania. 

L. S. Crutch, B.Sc., M.I.E.E., deputy chief engineer 
of Siemens Brothers and Company, which he joined in 
1931, is appointed a director of the company. He has 
specialized in the development of telecommunication 
systems, and was for some years assistant chief engineer 
of Siemens’ telecommunications department. 

G. K. Nicholls, Assoc.I.E.E., has been appointed 
manager of the Cable and Wireless cable station and 
engineering school at Porthcurno, Cornwall, in succes¬ 
sion to C. J. V. Lawson, recently appointed deputy 
engineer-in-chief. 

I. C. I. Lamb, A.M.Brit.I.R.E., has been appointed 
eng'ineer-in-charge of the recently opened I.T.A. station 
at Emley Moor, Yorks. Employed by the B.B.C. both 
before and immediately after the war, first as a main¬ 
tenance engineer at Daventry and later in the research 
department, he subsequently went to Pye, Ltd. Last 
February he joined the I.T.A. 

The announcement of the above appointment affords 
an opportunity to mention the engineers-in-charge of 
the first three I.T.A. stations. W. Woolfenden (Croy¬ 
don), after service as a R.A.F. radar officer, went into 
industry for a short while before joining the B.B.C. in 
1947. He has been with the I.T.A. since August 1955. 
N. G. Payne, A.M.I.E.E., was for 16 years on the main¬ 
tenance staff of the B.B.C. before being appointed to 
Lichfield last February. W. H. Jarvis, A.M.I.E.E. 
(Winter Hill), was a marine radio officer from 1918 
until 1935 when he joined the B.B.C. He was senior 
maintenance engineer at Alexandra Palace before join¬ 
ing the I.T.A. last April. 

W. F. Harkness, who in the early days of broadcast¬ 
ing formed Electrical Appliances, Ltd., selling Eureka 
transformers, and after service with Cossor’s went to 
the U.S.A. in 1939, has now retired and returned to 
this country. His address is 5, Dawson Place, London, 


H. E. F. Taylor is the 

new secretary of the 
Radio Communication 
and Electronic Engineer¬ 
ing Association in suc¬ 
cession to Neill Christie. 
During the war Mr. 
Taylor was a lieutenant- 
colonel in the Royal 
Signals and was con¬ 
cerned mostly with 
long distance telecom¬ 
munication projects. He 
has been a radio amateur 
for some 35 years and has 
operated in India with the 
call-sign VU2AT. His 
British call is G6HT. 

L. Essen, D.Sc., Ph.D., A.M.I.E.E., who joined the 
National Physical Laboratory in 1929 and has been 
concerned with precise microwave measurements, in 
particular with the measurement of frequency and time, 
has been promoted to senior principal scientific ?™cer 
in the scientific civil service. Dr. Essen, who is 4» 
recently developed a frequency standard, based on a. 
resonance of the cassium atom. 

The B.B.C. has appointed G. K. Drake as engineer- 
in-charge of the television and v.h.f. sound broadcast¬ 
ing station at Blaen Plwy, Wales, and B. M. Britton 
as e-in-c of the Sandale, Cumberland, television 
station. Mr. Drake, who joined the Alexandra Palace 
television station in 1938, has been senior maintenance 
engineer at Wrotham, Kent, since 1949. Mr. Britton 
hno if* p.nrnfirflti'on for 14 vears. 



T. P. Lynott, A.M.I.E.E., has been appointed chief 
engineer to Gardners Radio Ltd., of Somerford, 
Christchurch, Hants. Since 1947 he has been at the 
Atomic Energy Research Establishment, Harwell, as 
transformer design engineer, having previously been 
first with G.E.C. and then the directorate of instru¬ 
ment production at the Ministry of Supply. Mr. 
Lynott, who is 42, is chairman of the subcommittee 
of the Radio Components Standardization Committee 
of the Ministry of Supply dealing with transformers 
and chokes. 


W. Grant, contributor of the article on page 33, 
studied at the Royal Technical College, Glasgow, for 
his B.Sc. in electrical engineering. During the war he 
was commissioned Electrical and Mechanical Engineer 
in R.E.M.E. He has since been undertaking research 
and development work and is at present with J. Stone 
and Company (Deptford). 


OBITUARY 

Air Commodore R. L. Phillips, C.B., C.B.E., who 
died on November 22nd at the age of 47, was asso¬ 
ciated with aeronautical radio for the major part of 
his career in the R.A.F. He had held the positions 
of Director of Radio and Director of Signals Policy 
at the Air Ministry. 

The death is announced by the Canadian Depart¬ 
ment of Transport of G. C. W. Browne, retired 
controller of telecommunications, at the age of 66. He 
went to Canada from Ireland in 1912 and entered the 
Canadian Government Radio Service two years later. 
Since his retirement last year Mr. Browne had been 
acting as consultant to the Fowler Commission on 
Broadcasting in Canada. 

George T. Clack, who for many years (until 1953) 
was honorary lecture secretary of the Television 
Society, died on November 17th at the age of 47. He 
had been with Bush Radio since 1939 where, as a 
senior laboratory engineer, he had been latterly 
primarily engaged on technical liaison work. 
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IN BRIEF 

Receiving Licences.—During October the number of 
television licences current in the U.K. increased by 
151,299, bringing the total to 6,291,072. The total 
number of broadcast receiving licences, including those 
for television and 310,301 for car radio, was 14,419,741. 

Test transmissions from a 1-kW pilot transmitter will 
begin on March 1st from the site of the first Scottish 
I.T.A. station at Black Hill, Lanarks. The station will 
operate in Channel 10 (199.75 Mc/s vision and 
196.25 Mc/s sound) although the carriers will actually 
be offset by —19.5 kc/s and —10.5 kc/s, respectively. 

In preparation for the opening of the Scottish I.T.A. 
station at Black Hill, Lanarks., at the end of August, the 
programme contractors, Scottish Television, Ltd;, are 
arranging a series of weekly exhibitions from February 
to June in the principal burghs to be served by the 
station. The Scottish Radio Retailers’ Association is 
participating, and advice on the conversion of existing 
sets will be given to enquirers. 

Lichfield Increased Power.—By adding 20-kW 
amplifiers to both the sound and vision transmitters 
at Lichfield the e.r.p. of the I.T.A. station was increased 
on November 23rd to 200 kW. Duplicate sets of trans¬ 
mitters were previously operated in parallel to bring the 
e.r.p. up to 100 kW. The spare sound and vision trans¬ 
mitters are now being kept as standbys in case of 
breakdown of the main equipment. All the transmitting 
equipment at Lichfield was designed and installed by 
Pye, Ltd. 

The B.B.C.’s eighth v.h.f. sound broadcasting station. 
Holme Moss, was brought into service on December 
10th. It is radiating a three-programme service on 89.3, 
91.5 and 93.7 Mc/s with an e.r.p. of 120 kW. The six 
10-kW transmitters (two for each service) were installed 
by Marconi’s. v 

Four of the seven gold medals awarded to British 
manufacturers for goods displayed at the California 
State Fair, held in Sacramento in September, were 
won for radio and electronic equipment. Two of the 
medals went to Trix Electrical for their Trixonic 
amplifier 800 and record player A720, one to Pye for 
their “Leadsman” echo sounder, and one to Fonadek 
for their telephone amplifier. The medals were pre¬ 
sented at a conference of the Dollar Exports Council by 
the Minister of Economic Affairs at the U.S. Embassy. 

Sea-going trials of Gee (the Cossor hyperbolic navi¬ 
gational aid) have shown that sea-level ranges up to 
200 nautical miles from coast chains can be relied upon. 
This was accomplished using the South Western chain 
which operates on a frequency around 25 Mc/s. The 
long range is attributed to tropospheric propagation. 

Ferranti-Ekco Link.—Domestic radio and television 
receivers with the Ferranti trade mark will, in future, 
be marketed by a new company being formed by E. K. 
Cole, Ltd. 

The scope of this year’s Radio Society of Great 
Britain exhibition is to be widened considerably and 
the title changed to Radio Hobbies Exhibition. It will 
be held in October at Seymour Hall, Seymour Place, 
London, W.l, and is again being organized by P. A. 
Thorogood (G4KD), who is chairman of the London 
u.h.f. group. 



JUBILEE of the invention of the triode valve by Dr. Lee 
de Forest is commemorated on this franking on a recent 
letter from the United States. 


American Facts and Figures.—Dr. W. R. G. Baker, 
head of the General Electric Company’s Electronics 
Park, at Syracuse, N.Y., in a review of the progress of 
the electronics industry, stated that one out of every 
forty jobs in the United States is in electronics, and that 
75% of these did not exist ten years ago. Moreover, 
whereas the electrical industry in the States approxi¬ 
mately doubles every ten years, the electronics in¬ 
dustry is doubling every five or six years. Dr. Baker 
forecast that the use of semi-conductor equipment will 
increase 100% in the U.S.A. during 1957. Incident¬ 
ally, during the past ten months the price of G.E. 
transistors has been reduced 35 %. 

“ W.E.” Editorials.—For nearly 30 years Professor 
G. W. O. Howe contributed editorials to our sister 
journal Wireless Engineer (now Electronic & Radio 
Engineer ). An index to these contributions, including 
chronological, author and subject indexes, was com¬ 
piled by Dr. A. J. Small, of the Department of Elec-, 
trical Engineering at Glasgow University, some two years 
ago. An addendum bringing it up to date has now been 
prepared, and this, together with the original index 
(covering the period January, 1926, to March, 1955, the 
last of his regular editorials) is obtainable from Dr. Small, 
price 5s. 

The Radio Trades Examination Board has issued a 
reminder that the closing dates for entries for this year’s 
Servicing Certificate Examinations are January 15th for 
television and February 1st for sound receivers. Forms 
and regulations for the examinations, which will be held 
in May, are obtainable from the R.T.E.B., 9, Bedford 
Square, London, W.C.l. 

Danish TV.—The information regarding Denmark 
included in the E.B.U. television map on page 605 of 
the December issue was incomplete. Three trans¬ 
mitters have been in use for the past eight months— 
Copenhagen (5kW), Fyn, near Odense (5kW) and 
Aarhus (2.5 kW). 

“ Audio-Frequency Response Measurements.”—The 
equipment described under this heading in our 
December, 1956, issue was developed by the staff of 
Grundig (Great Britain), Ltd., in the company’s 
laboratories. 

Two nine-week courses on digital computers and on 
colour television will be held at the Southall Technical 
College, Middlesex, on Wednesday evenings, beginning 
January 16th. An eight-week course on experimental 
servomechanisms will also be held on Wednesday even¬ 
ings, beginning February 6th. The fee for each course 
is £1. 

A radio and television maintenance and servicing 
course will again be held during the spring term at the 
Wesley Institute, Wesley Road, London, N.W.10, on 
Monday evenings, beginning January 7th. (Fee £1.) 

Transistors.—An evening course of eight lectures on 
transistor physics and transistor applications commences 
on Thursday, February 7th, at the South-East London 
Technical College, Lewisham Way, London, S.E.4. 
(Fee £1.) 

Eight lectures covering the theory and practice of 
electronic instruments used in chemical analysis will be 
given at Battersea Polytechnic, Battersea Park Road, 
London, S.W.ll, on successive Wednesday evenings 
commencing February 6th. (Fee £1.) 

Most of the courses set out above deal with the 
technology of electronic communication. But, before 
information can be communicated, whatever the 
means, it must be clothed in words. To find the best 
words for the job becomes more and more difficult as 
the complexity of life increases. Managements of firms 
are realizing to an increasing extent that clear presenta¬ 
tion of information, technical and otherwise, by their 
employees is important. Courses of instruction in 
various aspects of this subject are offered by Osmond 
Turner Mead Associates, of 3, Gower Street, London, 
W.C.l. A booklet describing the courses is issued. 
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BUSINESS NOTES 

Vision and sound transmitters for the I.T.A. South 
Wales station are to be supplied by Pye. The equip¬ 
ment will be similar to that installed at Lichfield— 
20-kW vision transmitter and 5-kW sound transmitter 
with 5- and 1.25-kW standby equipment. 

In the annual report of the Solartron group of com¬ 
panies it is recorded that sales increased from £152,300 
in 1954 to £758,000 during the year ended last June. 
During the same period the staff has grown from 240 
to 550, the average age being 33. A joint company 
(Industrial Automation Developments, Ltd.) has been 
formed by the Solartron Electronic Group, Ltd., and 
Scribbans-Kemp, Ltd., for research and development 
of automation in the food processing industries. 

With the installation of Pye industrial television 
equipment at the airways terminal at Victoria, London, 
the announcer is both seen and heard. Pye industrial 
television equipment has also been installed by a firm 
of stockbrokers at the London Stock Exchange. It con¬ 
veys by line to the company’s offices a quarter of a mile 
away details of the constandy changing stocks and 
shares listed on the “ board.” 

Within a few weeks of its announcement Decca true 
motion radar (TM 46) had been ordered for over one 
hundred vessels. Orders for all types of Decca marine 
radar now total more than six thousand—an increase of 
one thousand in about eight months. 

A tour of U.K. ports is being undertaken by a demon¬ 
stration caravan equipped with Kelvin Hughes marine 
gear, including the new Type 14 radar which has a 
slotted waveguide aerial. In January and February 
demonstrations will be given mainly in Northern Irish, 
Scottish and Welsh ports. 

An order for the supply of fifty 10-watt f.m. mobile 
transmitter-receivers has been placed with Marconi’s by 
the Metropolitan Police. Up to seven crystal-controlled 
channels are available within a 0.5 Mc/s section of the 
70 to 100-Mc/s band. 

A further fifty lifeboats of the Royal National Life¬ 
boat Institution, making one hundred in all, are to be 
equipped with v.h.f. radio-telephone equipment by 
British Communications Corporation, Ltd. 

The sales and service division of F. C. Robinson and 
Partners, at 122, Seymour Grove, Old Trafford, Man¬ 
chester, 16 (Tel.: Chorlton 5366), will in future operate 
under the title of McKellen Automation, Ltd. The 
change does not affect the manufacturing operations at 
Cheadle of F. C. Robinson and Partners, of which 
F. P. McKellen (managing director of McKellen Auto¬ 
mation) has been general manager for some years. 

The sole manufacturing rights in Great Britain for 
the Bradford loudspeaker enclosure (of American origin) 
have been secured by John Lionnet & Company who 
have recently moved from the City to the West End. 
Their new address is 17, Charing Cross Road, London, 
W.C.2. (Tel: Trafalgar 5575.) 

An American patent (No. 254567), in addition to 
British patent No. 689695, has been granted to Lustra- 
phone for their noise-cancelling microphone (Type 
VC52). 

Two members of Mullard Overseas, Ltd., have joined 
Mullard South Africa (Pty.), Ltd. They are T. W. 
Hogg, a commercial executive of the radio division, and 
R. E. Collins, of the electronic tube division, who is to 
organize a technical service department. 

A kit of relay parts comprising seven coils (500 ohms 
to 20 K ohms) and a variety of contact banks has been 
produced by Stevenage Relays, Ltd., associates of W. H. 
Sanders (Electronics), Ltd. 

A large-screen television receiver without loudspeaker 
but with headphones for individual patients has been 
installed by Hadley Telephone & Sound Systems, Ltd., 
at the Royal Orthopedic Hospital, Birmingham. 


Lithgow Electronics, Ltd., sole representatives in the 
U.K. and Eire for the products of the Hewlett-Packard 
Company, of Palo Alto, California, have moved from 
Harrow to 198/200, Bath Road, Slough. (Tel.: Slough 
21292). At their new office facilities are provided for 
demonstrating such H.P. equipment as electronic 
counters, signal generators, and oscilloscopes. 

With the opening of Mullard’s new headquarters at 
Mullard House, Torrington Place, London, W.C.l 
(Tel.: Langham 6633), the various departments of the 
organization which have been in a number of separate 
buildings will be under one roof. 

OVERSEAS TRADE 

Equipment for the provision of direct radio-telephone 
links between the islands of San Miguel and Terceira, 
and between Terceira and Faial, in the Azores group, is 
to be supplied by Marconi’s. Initially the links will 
carry seven speech channels and six voice-frequency tele¬ 
graph channels. 

Electronic control equipment is being supplied by 
E.M.I. Electronics, Ltd., for an automatic conveyor 
system being installed by Geo. W. King, Ltd., of 
Stevenage, Herts., in the body-painting plant of a new 
Simca car factory at Poissy, France. 

Solartron Incorporated has been formed to distri¬ 
bute and sell in the United States electronic equipment 
produced by the Solartron group in this country. 

European Office.—Plessey International, Ltd., have 
opened an office at Singel 160, Amsterdam C, for the 
supervision of Plessey’s interests in northern and central 

This year’s International Liege Fair, Belgium, will 
be held from April 27th to May 12th. Details of space 
available in the electronic section are obtainable from 
the U.K. representative, R. C. Liebman, 178, Fleet 
Street, London, E.C.4. 

In order to overcome the delay caused by the recent 
New York dock strike Birmingham Sound Reproducers, 
Ltd., chartered planes to carry regular deliveries of 
record changers to the United States. American re¬ 
ceiver manufacturers, who purchase $100,000 worth of 
B.S.R. equipment a week, volunteered to help defray the 
extra cost involved. 



EASE OF CONTROL is the keynote of the whole installation 
at the two television studios at Riverside, Hammersmith, 
recently brought into use by the B.B.C. This is especially 
true of the lighting which is remotely controlled from 
positions adjacent to the sound, vision and production 
control rooms. Facilities for electronic effects, such as 
inlay and overlay, are also provided. Marconi camera 
control equipment is shown here. 
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Limiters and Discriminators 


I—Wide or Narrow Bandwidth : Basic Equivalent Circuits : 

By G. G. JOHNSTONE, bsc* The Round-Travis Discriminator 


Wb shall begin by considering the bandwidth 
required in a discriminator, more especially in view 
of the arguments put forward by Prof. Arguimbau 
and his colleagues in favour of wide-band discrimina- 

If two f.m. signals interfere, they may be on the 
same carrier frequency (i.e., co-channel) or on 
nearby carrier frequencies (i.e., adjacent channel). 
Briefly Arguimbau maintains that in the presence 
of co-channel or adjacent-channel interference, the 
interfering signal will produce unwanted audio 
output even when the difference between the 
frequencies of wanted and unwanted signals is above 
the audible limit. The two signals add together to 
produce a composite signal which varies in ampli¬ 
tude and frequency according to the relative magni¬ 
tudes and frequencies of the two signals. This is 



Fig. I. Vector diagram 
of wanted signal (/) 
and interfering signal 
(a) with a small fre¬ 
quency difference. 


shown in the vector diagram of Fig. 1, where the 
ratio of the amplitude of the unwanted signal to 
that of the wanted signal is a: 1. The wanted- 
signal vector is assumed stationary and the unwanted- 
signal vector rotates at a relative angular frequency 
<o a , which corresponds to the difference f d between 
the frequencies of the two signals. 

The magnitude of the resultant, R, varies between 
(1 + a) and (1 — a); this amplitude modulation 
can be removed by limiting and need not concern 
us further. The phase displacement ( 4>) of the result¬ 
ant swings between the limits indicated by the 
dotted lines in Fig. 1. The phase displacement 
can be calculated and, since the instantaneous 
frequency shift is equal to 1/2-ir times the rate of 
change of phase angle, i.e., / = to/2-rr and to = d//dt 
we can determine the frequency shift at any instant. 
The calculation is straightforward, but rather long, 
and it is sufficient for our purpose to note that the 
interfering frequency-modulated signal has the 
form shown in Fig. 2. The peaks at a occur when 
the vectors are in line as at A in Fig. 1; the 
peaks at /3 occur when the vectors have the position 
B in Fig. 1. The peak value of the frequency shift 
at a is given by a/ d /( 1 + a) and at p by af d !(l — a). 
Thus as the ratio of unwanted signal amplitude 
approaches that of the wanted signal a approaches 1 

* B.B.C. Engineering Training Department. 


and the peak shift P becomes very large. The positive¬ 
going and negative-going excursions of the wave¬ 
form of Fig. 2 have a different form but the areas 
included between the curves and the horizontal 
axis are equal, the mean resultant frequency shift 
is zero and there is no d.c. component in the output 
of the discriminator, provided that the discriminator 
is linear over the range of frequency excursion. 

The period of the wave of Fig. 2 is 1 lf a and, if 
the frequencies of the two signals differ by more 
than the highest audio frequency, there will be no 
audible output under the steady state conditions 
postulated. If the frequency difference is less than 
the highest audible frequency, there is a heterodyne 
whistle; this is true whether the discriminator 
is “ wide-band ” or not. 

To carry the argument further, suppose the 
difference between the frequencies of the two 
signals exceeds the highest audible frequency and the 
discriminator is narrow band. As the unwanted- 
signal amplitude approaches that of the wanted 
signal the ratio a tends to unity and the peak fre¬ 
quency shifts become progressively larger, tending 
to a limit of f a /2 in one direction and infinity in the 
other. We shall concentrate on the peak at fi because 
this is always greater than that at a. For an idealized 
narrow-band discriminator characteristic of the 
type shown in Fig. 3, the peaks at p are “ clipped ” 
as shown in Fig. 4. The areas under the positive- 



fig. 2. Form of frequency modulation produced as a result 
of the conditions shown in Fig. I. 



Fig. 3. Idealized narrow-band discriminator character¬ 
istic. 
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for F.M. Receivers 

j A CHEAT deal has been written about the performance of various types of limiter and discriminator for use in f.m. 

! receivers, but much of this information is contradictory and the choice of a limiter and discriminator for a particular 

! application may appear difficult, particularly to the newcomer to the subject. It is the purpose of this and subsequent 
articles to discuss the performance of the basic types of limiter and discriminator in an attempt to clarify the subject. 
The discriminators to be discussed fall into six classes: (/) the Round-Travis (2) the Foster-Seeley discriminator 

(3) the ratio detector (4) the locked oscillator (5) the phase-difference comparator and (6) the counter. Types ( 3) 

(4) and (5) have a degree of inherent limiting action. 

The types of limiter to be discussed comprise (/) the grid limiter (2) the anode limiter (3) the dynamic limiter and 
(4) the “ clipper." 


'fffl 
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Fig. 4. Clipping of the frequency peaks by the characteris¬ 
tic of Fig. 3 results in a displacement of the average 
frequency. 

going and negative-going portions of the waves are 
now no longer equal. There is a shift in the average 
frequency and a d.c. component in the output from 
the discriminator; it is shown in dotted lines in Fig. 
4. If now the unwanted signal is modulated, its 
frequency swings about the mean value and the 
difference between the frequencies of the two 
signals alters correspondingly. The waveform of 
Fig. 2 now becomes that shown in Fig. 5(a); for 
comparison the graph of the frequency difference is 
shown at Fig. 5(b). If now the waveform of Fig. 5(a) 
is “ clipped ” as indicated by the dotted line, the 
d.c. component has superimposed “ blips ” as 
shown in Fig. 5(c). These have the same repetition 
rate as the modulating signal, and have components 
at multiples of the modulating-signal frequency. 
This represents cross-modulation between the two 
received signals accompanied by distortion. With a 
“ wide-band ” discriminator there is no clipping 
and this effect does not occur. 

We may summarize the conclusions of the previous 
paragraphs as follows. In receiving co-channel 
signals some interference is inevitable because the 
difference between the frequencies of the two 
signals must, for part of the time, lie within the 
audio frequency range; this effect occurs whatever 
type of discriminator is employed. The peak hetero¬ 
dyne output is given by a/ tf /( 1 — a) which decreases 
rapidly as a falls below unity and the stronger 
signal rapidly “ swamps ” the weaker as the ratio 
of the amplitudes of the signals a departs from 
unity; this is, of course, the well-known “ capture ” 
effect. 

For signals on adjacent channels the difference 
becween the frequencies of two carriers is always 
greater than the highest audible frequency; there is 
no cross-modulation if a wide-band discriminator 
is employed. This is illustrated in Fig. 6 which 




Fig. 5. (a) Waveform when the unwanted signal is 

modulated by a sine wave. The frequency difference is 
shown in ( b ), and the distortion product due to clipping 
is shown at (c). 



Fig. 6. Interference between signals on adjacent cha mels 
as a function of discriminator bandwidth. 
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shows that for an infinite bandwidth only the 
stronger signal is received even if its amplitude is 
only slightly greater than that of the other; but as 
the bandwidth is made smaller, the ratio of signal 
strengths for which interference is experienced 
becomes greater. 

The behaviour of a discriminator toward ignition 
interference can be deduced by similar arguments. 



(a) 


Fig. 7. (a) Waveform of i.f. output due to a pulse of 

inte~f'rence and (b) vector relationship of signal and 
interference. 



Fig. 8. Frequency shift 
(and hence discriminator 
output) due to inter- 
ferente of the form of 
Fig. 7(o). 



Fig. 9. Signal/noise ratio with impulsive interference for 
(a) wide-band and (b ) narrow-band discriminators. 


Fig. 10. Unidirectional 
double pulse produced 
in the discriminator 
output in some cases £ 

when the interfering § 

pulse amplitude exceeds 
that of the carrier. 




Fig. II. When the 
interference pulse coin¬ 
cides with a peak of 
modulation, clipping 
may remove part of the 
pulse and increase 


The waveform of a pulse of interference is modified 
in the i.f. amplifier to a shape similar to that shown 
in Fig. 7(a). The shape of this pulse varies little 
with the source of the interference, but depends 
almost entirely upon the characteristics of the 
i.f. amplifier itself. The duration of the pulse is 
very short, approximately 7 microseconds for an 
i.f. bandwidth of 200kc/s. The figure shows the 
envelope, which modulates a “ carrier ” at the centre 
frequency of the i.f. amplifier, which we shall 
assume equal to the signal carrier frequency. The 
signal carrier and interference carriers may have 
any phase angle with respect to each other, because 
tbe exact moment of incidence of the interference 
pulse is fortuitous. Thus the signal and interrerence 
carriers add as shown in Fig. 7(b); the phase angle 
between the carrier vectors <4 has been arbitrarily 
selected. The interference signal vector grows and 
decays as shown in Fig. 7(a). Consequently, if the 
ratio of peak interference envelope to the peak carrier 
is small, the phase angle of the resultant follows a 
wave similar in shape to that shown in Fig. 7(a). 
The rate of change of phase angle, and hence the 
frequency shift then follow a curve of the type 
shown in Fig. 8. When the number of timed circuits 
preceding the limiter exceeds four, the maximum 
value of the frequency shift due to the interfering 
signal is given approximately by 4aF where a is 
the ratio of the peak value of the interfering signal 
to that of the carrier, and F is the bandwidth 
measured between 3-dB points. The audible 
noise output .is proportional to the net area under 
the frequency-shift envelope, and hence to a. 
However, the area under the positive-going excur¬ 
sion is nearly equal to that under the negative¬ 
going excursion and the net area is small. The 
spectrum of this output rises linearly with frequency, 
and the output has the sound of a “ click.” If a 
succession of constant-amplitude impulses are 
presented to the receiver, the magnitude of the 
output pulses varies with the relative phase angle 
between the carrier and the interfering signal at the 
occurrence of each impulse. If the amplitude of the 
interference signal is less than that of the carrier, a is 
less than unity and the signal-to-noise ratio falls 
linearly with a, as shown in curve (a) of Fig. 9. If 
the amplitude of the interfering signal exceeds that 
of the carrier, a is greater than unity and a new 
mechanism comes into play by which some of the 
output-signals have the form of sharp spikes, each 
pulse of ignition interference producing two spikes 
of the same polarity, as shown in Fig. 10. The net 
area beneath the curve is now no longer small. The 
spectrum of this waveform is level over the a.f. band 
and the output has the sound of a “ pop.” For such 
high-amplitude interfering signals, as the amplitude 
of the interfering signal is increased the signal-to- 
noise ratio falls abruptly and then levels off as shown 
in curve (a) of Fig. 9. 

Consider the effect of reducing the discriminator 
bandwidth on impulsive interference of this type. 
If a is less than unity, and the signal is at one extreme 
of its frequency swing, one of the peaks due to 
impulsive interference in the discriminator output 
signal may be clipped as shown in Fig. 11. The net 
area increases and the signal-to-noise ratio is poorer 
than for a wide-band discriminator as shown in 
Fig. 9 curve (b). On the other hand, in the region 
where a is greater than unity, a reduction in dis¬ 
criminator bandwidth causes the amplitude of the 
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Fig. 12. The basic phase- 
difference discriminator 
transformer (a) may be 
represented by either of the 
equivalent circuits (b) or (c). 


spikes (Fig. 10) to be 
reduced and the signal- 
to-noise ratio is better 
than for a wide-band 
discriminator. Thus for 
impulsive interference a 
narrow-band discrimina¬ 
tor is an advantage because 
the worsening of the 
signal-to-noise ratio in 
the region where this -ratio 
is good in exchange for 
an improvement in the 
area where it is bad is in 
general desirable. Thus 
we may summarize the 
conclusions so far reached 
as follows: 

(1) If the principal 
source of interference is 
co-channel and adjacent 
channel, a wide-band 
discriminator is best. 

(2) If the principal 
source of interference is 
of the impulsive type, a 
narrow-band discrimina¬ 
tor is best. 

In this country co¬ 
channel and adjacent 
channel interference 
would not appear to 
present a serious problem, 
and hence ignition inter¬ 
ference may be the 
principal type of inter¬ 
ference to be overcome. 

In U.S.A., however, 
ignition interference is 
probably less troublesome 
than co-channel and 
adjacent-channel inter- 
ference. Thus it 
would appear that 

British and American practice in discriminator 
bandwidth may tend to diverge, with a tendency in 
Britain to use narrow bandwidth discriminators. 

We shall now consider the performance of dis¬ 
criminators in detail and in the subsequent discussion 
we shall make extensive use of one or other of two 
equivalent circuit diagrams for the phase-difference 
discriminator transformer. Fig. 12(a), used in the 
Foster-Seeley discriminator and the ratio detector. 
These equivalent diagrams are shown in Figs. 12 (b) 
and (c), and their derivation is given in the Appendix. 
Depending on the constants of the original circuit 
only one of the two equivalents is physically realiz¬ 
able. The equivalent circuit for one special case 
reduces to two timed circuits fed with equal currents, 
and resonant at frequencies equally displaced from 
the centre frequency of the transformer from which 
they are derived. Thus the Foster-Seeley and 
Round-Travis circuits shown in Fig. 13 have identical 
performances. This circuit transformation simplifies 
the analysis of the Foster-Seeley discriminator and 
the ratio detector and we shall analyse the per¬ 
formance of the Round-Travis circuit in detail in 
order to extend the results to the Foster-Seeley and 
ratio detector circuits. 

Round-Travis Circuit. In this discriminator two 
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Fig. 14. Dependance of shape of discriminator character¬ 
istic on the value of x x . 



tuned circuits are employed, one tuned to a frequency 
slightly above the centre frequency and the other 
tuned to a frequency an equal interval below the 
centre frequency. This circuit has appeared in a wide 
variety of forms, the variations being principally in 
the method of applying the signals to the two circuits. 
We shall consider the circuit in its general form, 
where the driving stage is represented by a constant 
current generator, as shown in Fig. 13. 

We can write the response of a tuned circuit, 
comprising L, C, and R in parallel as 


l _ 1 _ 
Z ~ R 


+ faiC 


In the frequency range near resonance (co 0 ) we can 
write a> as (a>„ 4- da>), where dco is small compared 
with q) 0 . Using this substitution we can make the 
approximation that 


1 


; + 2jdmC = ^ + 2j- 
2Jda> 

».L/ 


1 




If we let x — 2Qd<u/to 0 , where Q is R/o> 0 L, then 
Z = R/(l + ix) 

in which x is a variable directly proportional to tl 


frequency shift. 

If one tuned circuit is tuned above the centre 
frequency and displaced by an amount x = x, and 
the other is tuned below and displaced by an amount 
x — — we can represent the impedance of the two 
circuits at any frequency in the neighbourhood of the 


centre frequency by Z x = R/[l + /(* — xjj] and 
Z 2 = R/[l — j(x + *0] respectively. 

The two diodes rectify the voltages developed 
across each tuned circuit independently, as shown in 
Fig. 15, and for 100% rectification efficiency, the 
output voltage is equal to the difference between the 
peak values of the voltage developed across each 
timed circuit. If I is the peak value of the input 
current the output voltage is given by 
E = IR[{1 + (x - jO*}-M1 + (* + 

A family of curves for various values of x u is shown 
in Fig. 14. These are the output-voltage frequency- 
shift curves for the discriminator, and ideally should 
have a linear region about the centre frequency. As 
shown in Fig. 14, for small values of x, the char¬ 
acteristic has continuous curvature and small peak 
separation. Larger values of x, give better linearity 
and greater peak separation, but above a critical 
value of x t the characteristic develops a kink near the 
centre frequency. Thus there would appear to be 
an optimum value of x,. 

The expression for E given above can be expanded 
as a series in ascending powers of x. The expansion 
is symmetrical about x = 0, and contains odd powers 
of x only. We can thus write 

E = aiX + a 3 x 3 + a s x 5 . . . 

The first term represents the required output, i.e., 
an output varying linearly with frequency shift. The 
other terms indicate non-linearity, producing har¬ 
monic distortion and intermodulation in the output. 
This distortion can be minimized by making aja u 
ajax, etc., as small as possible. 

The evaluation of a ls a 3 , a 3 in terms of x t is 
straightforward but tedious. The values of the first 
three coefficients are: 
ax = 2x,(l + 

a 3 = *i(2*i 2 - 3X1 + *i 2 ) -I 

a 5 = ix 1 (8x l i - 40x, 2 + 15)C1 + x, 2 ) “V 
From these expressions we have 
ajax = £(2*i 2 - 3)/(l + Xj 2 ) 

ajax = £(8*i 4 - 40x x 2 +15)/(l + Xj 2 ) 2 
To minimize distortion, we can choose the value of 


APPENDIX 

THE derivation of the equivalent circuit for a 
phase difference discriminator transformer. Fig. A 
on the opposite page, is obtained by the successive 
manipulation of the portions enclosed by dotted 
lines. In Fig. B the secondary circuit comprising 
Ls, Cs, Rs is transferred to the primary side of 
the “ ideal ” transformer Tl; this transformer has a 
centre-tapped secondary, providing the two voltages 
of opposite polarity in series with the primary volt¬ 
age. In Fig. C, the “ T ” network is converted to 
“ n ” form. In Fig. D1 the terminations of the 
“ w ” network are made equal. If the terminations 
are made equal to the secondary components, 
the sequence follows through Figs. D1 to HI, 
and if to the primary components through Figs. 
D2 to H2. 

In Fig. E, the “ n ” network is translated to a 
lattice by means of Bartlett’s Bisection Theorem. 
Figs. F show Figs. E re-drawn. Figs. G show 
Figs. F re-arranged by the introduction of trans¬ 
former T2, also of 1:1 • 1 ratio. Figs. H are Figs. 
G with transformers Tl and T2 combined into 
transformer T3. Figs. J show Figs. H re-drawn. 

The derivation of these equivalent circuits is 
an extension of the treatment due to H. Marko 
{Frequenz, January, 1952). 
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safeguard 


The special Trustworthy high quality valves have been 
designed to give maximum efficiency with reliability 
—most valuable in equipment required to operate 
for lengthy periods unattended. Primarily established 
to meet Service requirements, the Trustworthy 
techniques, including shock and vibration tests, have 
been extended to include many commercial types. 
The accompanying table shows the range of indus¬ 
trial “T” valves. These can also be supplied with 
flying lead, or flying lead valve assemblies for chassis 
mounting, the information on which can be obtained 
on application. 

Most types are available within a reasonable period. 
In many instances additional types can be made 
available for special applications. 


INDUSTRIAL | RANGE 

XI 

Equivalent 



V Code 

Type Code 

Function 

Base 

5726 

6AL5 

Double Diode Short Bulb 

B7G 

6058 

6AL5 

Double Diode 

B7G 

6516 

6 AM 5 

Power Pentode 

B7G 

6064 

6AM6/8D3 

High Slope R.F. Pentode 

B7G 

6066 

6AT6 

Double Diode Triode 

B7G 

5749 

6BA6 

Vari Mu R.F. Pentode 

B7G 

5750 

6BE6 


B7G 

6059 

6BR7 


B9A 

6061 

6BW6 

Output Beam Tetrode 

B9A 

6132 

6CH6 

Video Output Pentode 

B9A 

6100 

6C4 

Triode Amplifier 

B7G 

6180 

6SN7GT 

Low Mu Double Triode 

Octal 

6063 

6X4 

Full Wave Rectifier 

B7G 

6065 

9D6 

Vari Mu R.F. Pentode 

B7G 

6060 

I2AT7 

High Slope Double Triode 

B9A 

6067 

I2AU7 

Low Mu Double Triode 

B9A 

6057 

I2AX7 

High Mu Double Triode 

B9A 

6158 

5763 

Special Purpose Double Triode 
V.H.F. Beam Tetrode 

B9A 

6157 

RI7 

Half Wave Rectifier 

B9A 

6443 

RI8 

Half Wave Rectifier 

B9A 

6LGA 

6L6GA 

Output Beam Tetrode 

Octal 

25L6GT 

25L6GT 

Output Beam Tetrode 

Octal 

6042 

25SN7GT 

Low Mu Double Triode 

Octal 

50C5 

50C5 

Output Beam Tetrode 

B7G 



Standard Telephones and Cables Limited 
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In a previous announcement we showed how ACOS GP61 Ceramic Pick-up 
Cartridges had passed the official BSI Test No. BF.2011, Class 112, “ Basic 
Climatic and Durability Test for components for radio and allied equipment”. 
Now our own laboratories have gone even further with climatic tests—and 
added a punishing mechanical test too. These new tests, which covered a 
batch of GP61s, gave average results as follows:— 


16 hours at Minus 10°C (14 °F) in 


16 hours at 67'C (152.6°F) in water 
Vertical drop from 2in. 10,000 
times (at 50 times per minute) .. 


SENSITIVITY 
No change 

No change 


No change 




The ACOS GP61 CERAMIC 
pick-up cartridge fitted with 
‘X500’ styli is the high 
performance cartridge for 
manufacturers with world 
markets. 


Manufacturers who fit the GP61 Ceramic know where they are. It 
is, demonstrably, a most robust cartridge for all climatic conditions. 
It has a smooth response, low 
harmonic and intermodulation dis¬ 
tortion, high needle tip compliance 
replaceable “ X500 ” styli and very- 
good output. 




ACOS devices are protected by 
tittered designs in Great Britain and 


COSMOCORD LIMITED, ELEANOR CROSS ROAD, WALTHAM CROSS. Tel. Waltham Cross 5206 





































Portable Transistor Superhet 

Home, Light and Third 

With Currently Available Junction Types By W. WOODS-HILL* 


W„ 


r HEN it was discovered that Standard Telephones 
& Cables were in quantity production of a 500-kc/s 
junction transistor, it occurred to the author that if 
one of these could be made to oscillate up to 750 kc/s, 
then a medium- and long-wave superhet could be 
designed along the lines of the American “ cigar 
case ” portables. These vary in size from 6in X 4in 
X 2in to 5in x 3Jin x lfin. 

The S.T.C. type TS3 transistors show a serious 
loss of gain above 450 kc/s, but if a low intermediate 
frequency of 275 kc/s is used, then sufficient gain 
can be obtained to drive the output stages. There is 
no problem about low-frequency amplification at 
10 kc/s, and the 50 milliwatts required for normal 
room listening is within their power rating. 

First attempts to make an oscillator of any 
frequency using some of the circuits described in 
American literature were disappointing. None of 
the six transistors available showed the slightest 
inclination to oscillate with the tuned circuit included 
in its emitter lead. 

At last it was decided to revert to valve techniques, 
and a good beefy feedback winding was provided 
from the (output) collector to the oscillatory circuit. 
The last-mentioned had a direct (a.c.) connection 
back to the (input) base, and because the base has a 
rather low impedance this connection was tapped 
about J from the bottom. There was an immediate 
improvement, and oscillations were detected (a 
sound broadcast receiver does a good job as a wave- 
meter). Apart from altering the feedback tap on the 
oscillator coil so that it was just oscillating strongly 
enough at the high-frequency end of the band, and, 
of course, trimming off turns so that it covered the 
right frequency, no major alteration has been made 
to the circuit, which is shown in Fig. 2. 

Various tapping points were provided 
at 20,40 and 60 turns, and it was 
found that all the six transistors 
provided could be made to oscil¬ 
late up to 750 kc/s by increasing 
the feedback (more turns), and 
two of them above 750 kc/s. The 
better one of these two was ear¬ 
marked for use in the receiver. 

It is a good idea to build this 
oscillator on a tagboard and 
establish that it is functioning 
correctly and giving the right 
frequency coverage, rather than 
build the set “all in one go,” 
because the parts used are small 
and difficult to alter in confined 
spaces. 

The coil winding data in the 
table will give a frequency varia¬ 
tion from 720 kc/s to 330 kc/s. 

This coverage, when used with a 


a the coil 


275-kc/s i.f., will give the receiver a frequency range 
on medium waves from 330 + 275 = 605 kc/s to 
720 + 275 = 995 kc/s. This includes the Third 
Programme at 640 kc/s, and the Home Service 
(Brookmans Park) at 900 kc/s. 

Notice that this local oscillator is producing the 
275-kc/s i.f. by oscillating below instead of above 
the signal as m the more conventional superhets. 
This will introduce a slight complication in the 
tracking arrangements—but a complication that is 
well worth while when it is realized that little selection 
of transistors is needed. In point of fact it is the 
fundamental reason why a superhet receiver covering 
most of the medium-wave band can be built using 
low-frequency currently available transistors. 

The frequency changer is a quite straightforward 
stage consisting of a common (earthed) emitter 
amplifying stage (Fig. 1), where the signal at the 
aerial coupling winding is applied to the base, along 
with a small amount of r.f. from the local oscillator 
picked up by returning the bottom of the coupling 
winding to earth via two turns (L 3 ) wound round 
the earthy end of the oscillator coil. 

Aerial Design 

The ferrite aerial needs some explanation because 
it contributes greatly to overcoming the trouble in 
tracking. 

Very roughly it can be said that the amount of 
signal picked up by a ferrite aerial is proportional to 
the bulk of ferrite enclosed by the tuning coil. That 
is to say, for maximum signal strength measured 
at the coupling coil the correct number of turns to 
resonate with the tuning capacitor should be loosely 

*The British Tabulating Machine Company. 
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THREE FERRITE RODS 
5 /l6 DIA. * 3° LONG 



Fig. 3. Construction of the ferrite rod aerial, showing 
numbers of turns. 


wound over the whole length of the rod. To obtain 
maximum bulk of material without excessive length 
three ferrite rods are stacked one above the other. 

A certain price has to be paid for this increase in 
signal, inasmuch as the Q and selectivity of the 
circuit will be considerably reduced. On the other 
hand, to simplify tracking problems (which in this 
case can be stated as the aerial circuit failing to stay 
accurately in step with the local oscillator), what is 
wanted is a broad-band low-Q circuit which will 
ensure the signals are not seriously attenuated despite 
mistiming of the aerial circuit. 

The ferrite rod aerial consists of three Ferroxcube 
rods of -jl-in diameter (Mullard type FX1495) and 
three inches long stacked one above the other and 
bound with Sellotape to hold them in place. 

As shown in Fig. 3, the medium-wave winding 
consists of 45 turns of 30 s.w.g. insulated copper 
wire wound reasonably loosely, starting inch from 
one end and occupying about 2 inches. This forms 
the tuning coil. The coupling winding consists of 
4 turns of the same gauge wire wound in between 
the turns of the tuning coil, starting about 5 turns 
up from the bottom. 

The last winding is the long-wave coil and is 
pile wound to cover about half an inch of rod right on 
the end farthest from the m.w. coil. This winding 
consists of 140 turns of 36 s.w.g. enamel- and cotton- 
insulated copper wire. The coupling coil here 
consists of 6 turns of the same gauge wire. 

All these windings should be temporarily held in 
place and prevented from unwinding by small pieces 
of Sellotape stuck over the first and last turns of 
each. 

As the electrical properties of ferrite rod vary 
slightly from sample to sample, adjustments to the 
number of turns may be necessary to optimize the 
frequency coverage and the rod should be tested 
before finally binding the whole length from end 
to end with tape. If the coils have been wound on 
a former of cartridge paper, so that the rods are a 
loose fit inside, then final adjusting of the tuning 
and tracking can be done by moving the coils along 
the rods. The centre of the rods gives maximum 
inductance. 

The aerial has been made this shape to fit across 
the case of the receiver, and as it is possible that 
lengths this size may not be available, a word on 
how to cut the ferrite will not be out of place. The 
rod to be cut should be placed on a flat surface and 
held by hand. A nick should be made with a hack¬ 



saw or Abrafile on 
opposite sides and 
then the rod broken 
simply by attempting 
to bend it by hand. 
This material is ex¬ 
tremely brittle and 
any attempt to hold 
it in a vice or pliers 
will usually cause it 
to break at any other 
place but that re¬ 
quired. 

Coming now to the 
i.f. section, the fre¬ 
quency of 275 kc/s 
chosen was the result 
of a compromise be¬ 
tween a high i.f. to 
reduce whistles to a minimum and a low one that 
would give a useful gain from the transistors (which 
is well down at 500 kc/s). 

The transistors were tried in a common (earthed) 
emitter circuit, which is theoretically capable of 
higher gain per stage than the common-base circuit 
finally chosen, but so much trouble was encountered 
due to instability (feedback within the transistor) 
and so many components were needed to neutralize 
this tendency to instability under varying battery 
voltages and temperature changes, that the loss in 
gain was considered a small price to pay. The circuit 
adopted is shown in Fig. 4. 

I.F. Transformers 


Because the input impedance of the transistors is 
so low compared with their output impedance, to 
obtain a correct match from stage to stage the i.f. 
transformers must give a ten-to-one reduction in 
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turns from primary to secondary. In fact the 
primaries have 330 turns while the secondaries have 
33 turns. A slight increase of stage gain can be 
obtained by increasing the secondary turns, but 
above this excessive damping of the previous i.f. 
resonant circuit may occur and result in a decrease 
in gain. The secondary should be wound on the 
former first and the primary on top. 

The detector circuit, shown in Fig. 5, is quite 
straightforward, consisting of a point contact 
germanium diode. Milliard OA71, connected as a 
half-wave rectifier. 

Because the input impedance to this stage is con¬ 
siderably higher than that of the common-base 
i.f. transistor stage, the secondary winding of the 
third and last i.f. transformer is increased from 
33 turns to 50, so that a higher stage gain is available 
on this than the previous ones. 

It should be noted that the 2.7-kn diode load is 
returned to earth, but in the full circuit diagram 
(Fig. 7) it is returned to the base of the first i.f. 
transistor to provide a.g.c. action. Whilst testing the 
i.f. stages it is best to return the resistor to earth 
because confusing results can be obtained with 
strong signals. 

A good way of adjusting the i.f. section is to build 
it as a separate exercise, complete with detector, 
and if no signal generator or oscilloscope is available, 
to connect a pair of headphones to point X and 
earth in Fig. 5, connect an aerial via a 25-pF capacitor 
to the first i.f. tuned circuit, and trim up on any 
available signal or noise within the range of the i.f. 
trimming (about ± 25 kc/s). 

The low frequency part of the receiver consists of 
two common-emitter transistor stages RC-coupled 
from the diode detector, with negative feedback 
applied at high and low frequencies. 

Notice in Fig. 6 that the coupling capacitors should 
not be reduced much below 2 /*F or a serious loss 


at low frequencies will result. The 5-kQ potentio¬ 
meter used as a volume control forms part of the 
first amplifier collector load. 

The negative feedback is taken from the speech 
coil of the loudspeaker, so that it covers distortion 
introduced by the loudspeaker transformer as well 
as that from the two low-frequency stages. Connec¬ 
tion of this negative feedback should be left to the 
last, and if oscillations occur the sense of the trans¬ 
former speech-coil winding should be reversed. 

A miniature speaker transformer of the type usually 
sold with the 2|-in and 3-in speakers gives a tolerable 
match to the output stage as soon as the negative 
feedback is connected, but those patient enough can 
dismantle this and increase the secondary turns by 
20% to improve the match. 

Complete Circuit 

The complete design has been broken down into 
four separate stages because, to anyone tackling 
transistors for the first time, the effects caused 
by wiring mistakes or faulty components are un¬ 
familiar, and can lead to the disconnection of each 
main portion as the only means of identifying 
whence the trouble originates, whilst in a ther¬ 
mionic-valve superhet the nature of the fault gives 
an immediate clue. 

Notice in Fig. 7 how the long-wave coil of the 
ferrite rod aerial is brought into circuit by the 
coupling coil and the switch. When this winding 
is brought into circuit no alteration has to be made 
to the oscillator. A quick look at the frequencies 
involved will show why it is not necessary. 

If reception is required on long waves of, say, 
the 200-kc/s Light Programme (which is the main 
reason for providing this range), then if the local 
oscillator is tuned to 475 kc/s, it will beat (on the 
upper side this time) with the 200 kc/s, to once 



fig. 7. The complete circuit diagram, assembled from 
the previous diagrams Figs. I to 6. 

again provide the 275 kc/s intermediate frequency. 
The trimmer connected across the coil should be 
trimmed for maximum signals on the 200-kc/s 
Light Programme. 

Coming now to the actual construction, the circuit 
was first built on a standard double-row tag strip 
with 30 tags down each side. As all resistors were 
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COIL WINDING DATA 

Oscillator Coils 

Former:— Aladdin Jin diam., lin long with dust 

Lj .. 45 turns 36 s.w.g. cotton covered, wound 
on first. 

L 2 .. 140 turns 36 s.w.g. cotton covered, 
tapped at 20, 40 and 60 turns, pile 
wound next. 

L s .. 2 turns 36 s.w.g. cotton covered, wound 

I.F. Transformers 

Former:— Aladdin Jin diam., lin long with dust 

T, & T 2 .. Secondary: 33 turns 36 s.w.g. cotton 
covered, single layer, wound on first. 
Primary: 330 turns 36 s.w.g. cotton 
covered, pile wound on top. 

T s .. Secondary: 50 turns 36 s.w.g. cotton 
covered, single layer, wound on first. 
Primary: 330 turns 36 s.w.g. cotton 
covered, pile wound on top. 


1/8 watt (mainly Erie type 16) and the largest fixed 
capacitor was a 25 -/aF miniature cathode bypass, no 
component short of the tuning capacitor needed any 
other support than that provided by soldering it into 
circuit. This enables all the units—i.f. stages, 
oscillator, frequency changer, output—to be tested 
under portable conditions before attempting to 
miniaturize. 

Incidentally, if one decided to stop at this stage of 
development, having, say, built the receiver on two 
6in tag strips, it would make a handy and economical 
portable, especially if a push-pull output stage using 
Milliard OC72 transistors were added.* Such an 
output stage would provide ample output to drive a 
6in loudspeaker. 


*See “ Transistors for the Experimenter ” booklet, obtainable free from 
Milliard. Note that the OC72s require only 6V. Suitable transformers 
can be obtained from Sobell. 


It is not possible to be dogmatic about the final 
form of construction possible because this depends 
so much on each person’s access to materials and 
miniature components. It can be stated, however, 
that the author has built two versions of the circuit 
shown. The first is constructed around the magnet of 
a 6-in loudspeaker utilizing full-size components 
throughout, with a push-pull output stage. This set 
is in constant use, and has a cabinet measuring 
7in x 7in X 3in. The power supply consists of 
three flat 4.5-V torch batteries connected in series, 
and as these are designed to supply up to 300 mA 
to a bulb, the 25 mA average current drawn by the 
set is a very light load and many months of use can 
be obtained from three-shillings-worth of batteries. 

The second version of the set is in a case measuring 
5in x 3in X 2in. The loudspeaker is a 2J-in Elac 
type and the supply battery is a 15-V hearing-aid 
(or flash-gun) type which drops to about 10V on 
load. Needless to say, this is the single-ended version 
of the circuit. 

The author would like to advise readers again to be 
sure they have mastered the intracacies of the circuit 
before attempting to build it in a 5in x 3in case, 
as the components will have to be packed side by 
side and sometimes in layers to get them all in. 

Finally, the author was not in a position to evaluate 
the performance of the set in technical terms, but 
the following remarks will give readers a clue. 
Overloading of the output stage was possible in the 
London area on both the Third and Home Sendees, 
so long as the receiver was not used in a metal-framed 
building. The long-wave Light Programme was con¬ 
siderably weaker, presumably because the transmis¬ 
sion originates in Droitwich. On the other hand, 
reception on this long wave was more consistent 
and suffered less from the screening effects of 
buildings. The volume level is more than adequate 
for listening in a room with no background noise, 
but if one wishes to hear the set above, for example, 
the conversation in a crowded room, then it is worth 
while adding the push-pull output stage. 


Resistance ■ Current - Voltage - Power Nomogram 

By B. E. JACKSON, B.Sc* 


P ROBLEMS involving the relationships between 
the parameters resistance, current, voltage and power 
are constantly having to be worked out in electrical 
and electronic work. In most cases speed rather than 
accuracy is required. Therefore, a nomogram or a 
slide-rule-type calculator can profitably be employed. 

Nomograms have had limited usefulness in this 
field in the past because (a) they have related only 
three of the four variables or (b) two settings of the 
rule have been required for a complete solution of 
the problem. 

The nomogram presented here has the advantage 
that only one setting of the rule on the two known 
parameters is required to give the solution of the two 
unknowns. 

For the convenience of those engaged in electronic 


* Dominion Laboratory, Department of Scientific and Industrial 
Research, Wellington, New Zealand. 


work the resistance scale is laid out in “ preferred ” 
values of resistors in addition to the ordinary logarith¬ 
mic scale divisions. 

Of course, the nomogram can also be used in place 
of a slide rule for the occasional multiplication or 
division of numbers not connected with voltage, 
resistance, etc. For example, the product of two 
numbers can be read off the V line by setting the 
rule over the two numbers on the R and I lines 
respectively. 

The use of the nomogram is so straightforward 
that only one example need be given: — 

Q.—What is the current passing through a 10- 
kilohm resistor and what is the power dissipated 
when the voltage across it is 150V? 

A.—Lay a rule across the nomogram intersecting 
the R line at 10 kilohms and the V line at 150 V. 
Read off the current from the I line equal to 15 mA 
and the power off the P line equal to 2.25 W. 
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Is Radio Propagation 

Non-Reciprocity and Circuit Asymmetry in Short-Wave Communication 


The old-time radio operator used a simple rule 
for his guidance in the establishment of communi¬ 
cation with a distant station: “If I can hear him, 
he can hear me.” To that, of course, should have 
been added a proviso regarding the necessity for 
exact similarity between the radiated power of his 
and the distant station, but, as it was, his rule often 
worked. Was it then based upon any scientific 
principle, or was it merely a piece of professional 
folklore? Some interesting experiments have recently 
been carried out which throw some light upon this, 
until lately, largely unsettled question. 

Reciprocity in Radio Communication.—The 

meaning of the reciprocity theorem, as applied by 
Carson 1 to radio communication, may be expressed 
as follows: “ If an electromotive force of a certain 
magnitude inserted in one aerial causes a current to 
flow at a certain point in a second aerial, then the 
same voltage applied at this point in the second aerial 
will produce the same current, both in magnitude 
and phase, at the point in the first aerial where the 
original voltage was applied.” According to the 
statement of reciprocity by Sommerfeld 2 this will 
happen regardless of the electrical properties and 
geometry of the intervening media and of the form 
of the two aerials. From this we should expect radio 
transmission in opposite directions over a distance 
to be truly reciprocal, as is the case with electrical 
phenomena in other forms of network, provided that 
no change occurs in the intervening medium with 
time. There is, in fact, no reason to doubt that the 
reciprocity theorem is true when applied to ground- 
wave transmission, and it is only when sky-wave 
transmission occurs, where propagation is via an 
ionized medium in the presence of a magnetic field 
(the earth’s), that it does not really hold. And in 
this latter case, which is that obtaining for all long¬ 
distance short-wave communication, though the 
possibility of non-reciprocal effects was realized by 
Carson, it does not seem to have been confirmed by 
experiment until recently. 

It can be shown, however, that in certain special 
cases the theory of reciprocity should not hold. One 
of these is that where the wave travels through an 
homogeneous ionized medium along a magnetic 
meridian; i.e., along the direction of the magnetic 
lines of force, in which case the polarization of the 
wave twists in an anti-clockwise direction as it travels 
along, and, moreover, twists in the same direction 
whether going or coming, so to speak. The direc¬ 
tion of twist is determined by the direction in which 
the magnetic force is acting, and not by the direction 
of propagation of the waves. In this case, if the 
direction of polarization of the wave when it leaves 
the transmitting aerial is the same in both the “ go ” 
and “come” directions then the propagation is still 
reciprocal, but if it is different in the two cases pro¬ 
pagation is not truly so, there being a phase change 
at one end as compared with the other. It is even 
possible to find a case where the polarization changes 


are such that propagation is only possible at all in 
one direction. But these special cases may possibly 
have small significance in practical communication. 

Of course if the “ go ” and “ come ” paths by way 
of the ionosphere were different in practical cases, 
as has sometimes been postulated, then the possi¬ 
bility of non-reciprocal effects would become more 
obvious, for there could be a differential factor in 
the ionospheric absorption for the two directions. 
However, it does not seem likely that waves travel¬ 
ling in opposite directions would, in fact, traverse 
different paths, and, therefore, that there would be 
differences in wave attenuation due to absorption. 

In short, the possible effects of non-reciprocity in 
long-distance short-wave communication are by no 
means easy to assess, though, from operational data 
which has accumulated over the past several years, 
there is now no doubt at all that there can be differ¬ 
ences in the performance of a radio circuit in the 
two opposite directions when the transmitting and 
receiving equipments at the two ends are similar. 
In other words, the rule of the old-time radio 
operator is not, essentially, a good one. 

Tests for Reciprocity.—An experiment made to 
test the reciprocity of the 420-mile transmission path 
between Slough and Inverness by the D.S.I.R. has 
been described by Meadows 3 . Elaborate precautions 
were taken to ensure that the observed effects were 
due to the intervening medium, and not to any 
apparatus contributions. Pulse transmissions were 
used on a frequency of approximately 5.1 Mc/s, 
these being transmitted from and received at both 
terminals, the same aerial at each end being used 
both for transmitting and receiving, being switched 
from transmitter to receiver at the pulse repetition 
frequency. The received pulses were displayed on 
cathode-ray tubes, and the Inverness display was 
relayed by line to Slough, so that the two patterns 
could be visually compared there, and differences 
between the fading patterns of the ordinary E and 
F ray echoes observed. This was considered to be 
a sensitive test for non-reciprocity. 

During about 15 hours of observation spread over 
13 days definite non-reciprocal effects were observed 
for only about 1 per cent of the time. It was con¬ 
sidered that this being so for this short path more 
pronounced non-reciprocal effects might occur on 
long-distance circuits, though probably they would 
be of short duration. 

The results of a test for non-reciprocity over long¬ 
distance circuits are given by Laver and Stanesby 4 , 
who describe those obtained from a carefully con¬ 
trolled experiment conducted by the Post Office 
Engineering Department. The tests were made 
separately between the United Kingdom and the 
United States and between the United Kingdom 
and Australia on frequencies between approximately 
11 and 14 Mc/s. At each end of these two circuits 
a single aerial was used, switchable to a transmitter 
or to a receiver tuned to the same frequency. Un- 
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Always Two-Way? 

By T. W. BENNINGTON* 


modulated carrier was transmitted alternately for 
two minutes from either end of the circuit. The 
output signals from the receivers were recorded and 
the results were expressed in terms of circuit loss, 
the aim being to obtain the loss difference between 
transmission over each circuit in one direction and 
that in the other. At times there was no significant 
loss difference, but quite often for periods of a few 
hours loss differences, indicating non-reciprocal 
transmission, did occur. On the average the loss 
was greater for transmission from the United King¬ 
dom to the United States and to Australia, than for 
transmission from those two countries to the United 
Kingdom. At times the loss difference for trans¬ 
mission in the opposite directions rose to values of 
the order of 5 to 10 dB. The reality of the test 



results seems to be well proved by the fact that on 
some days no appreciable loss difference occurred, 
though on the previous days, with test conditions 
exactly the same, considerable loss differences 
occurred persistently. 

These two valuable experiments, one over a rela¬ 
tively short and one over two long transmission 
paths, do therefore seem to prove that non-reciprocal 
effects are of some importance in long-distance 
communication via the ionosphere. They do not 
fully show, however, to what phenomenon the non¬ 
reciprocal effects are due, nor indicate the long-term 
significance of such effects. We may perhaps tenta¬ 
tively conclude that true non-reciprocity may not 
be the major cause of the operationally observed 
differences in long-distance circuit performance in 
opposite directions. 

Circuit Asymmetry.—ft has for some long time 
been realized that, since the distribution of atmo¬ 
spheric noise is not uniform over the earth’s surface, 
but tends to be greatest in the equatorial land 
regions, and to vary at all places with time of day 
and season, the signal/noise ratio for a signal of 
given field-strength must vary for different geo¬ 
graphical locations. That being so it follows that, 
quite apart from the effects of non-reciprocity, the 


* Research Dept., British Broadcasting Corporation. 
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performance of a radio circuit would not necessarily 
be the same in two opposite directions if judged on 
the basis of the signal/noise ratio at the receiver 
inputs. Or, to put it into operational terms, the 
percentage of time for which a long-distance radio 
circuit was “commercial” or “ uncommercial ” 
would not necessarily be the same at the two oppo¬ 
site circuit terminals even if the transmitting and 
receiving equipments were identical. As has been 
said, such circuit performance differences have long 
been noted, and more light has now been thrown 
upon the subject by a recent study made by Humby 
and Minnis 5 . In order to distinguish it from the 
effects of non-reciprocity they have called the 
phenomenon in question “ circuit asymmetry.” 

In examining the performance of a number of 
long-distance circuits, in terms of the number of 
commercial hours per day or days per month, they 
found that, in the cases where one terminal was in 
the northern and one in the southern hemisphere, a 
marked deterioration in circuit performance 
occurred during local summer. Since the time of 
local summer in these cases is displaced by six 
months as between the two opposite circuit ter¬ 
minals, this means that the performance varies in 
anti-phase at the two terminals over the year. Even 
if no other difference were present this leads to a 
differential in the circuit performance as between the 
“go” and “come” directions; in other words, to a 
seasonal asymmetry. (See accompanying diagram.) 
But, superimposed on this, there may be a consis¬ 
tently worse performance in qne direction than in 
the other; i.e., a long-term asymmetry. Where both 
terminals were in similar latitudes in the northern 
hemisphere, where the seasons are coincident at the 
terminals, there was no evidence of seasonal asym¬ 
metry, though a component of long-term asymmetry 
might still be present. 

These results are exactly what would be expected 
from a consideration of the likely signal/noise ratio, 
taking into consideration the local variations in 
atmospheric noise. This is, of course, much higher 
in summer than in winter, and varies geographically 
in a manner such that, generally speaking, its 
intensity is an inverse function of latitude. Thus, 
even with non-directional aerial systems such 
asymmetrical conditions would occur. But the 
communication systems in question used relatively 
sharply directional aerials, “ beamed ” in the direc¬ 
tion of the distant terminal, and the authors have 
probed the matter further in view of this. 

In considering the diurnal variations in circuit 
asymmetry, over several circuits where one terminal 
was in the United Kingdom and the others at places 
near or south of the equator, they found a marked 
tendency for the asymmetry to increase; i.e., circuit 
performance at the United Kingdom end to de¬ 
teriorate, at a certain time GMT for each circuit, 
which time varied for the different circuits so as 
to become systematically later as the circuit direc¬ 
tion varied from the east towards the west. This 
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was particularly marked in the northern summer. 
The time of this increase in circuit asymmetry was, 
in fact, found to be at approximately similar values 
of local time at the distant terminal; i.e., between 
about 1850 and 2020 Local Mean Time. The implica¬ 
tion was that towards and after local sunset at some 
place within the main beam of the receiving aerial, 
in the direction of the distant terminal, there was 
a significant increase in the atmospheric noise, such 
that the signal/noise ratio at the United Kingdom 
end of the circuit sharply decreased, and that as 
the sunset line moved from east to west over the 
circuits so the circuit asymmetry increased at 
increasing values of GMT, according as the direc¬ 
tion of the circuit became farther to the west. 

Atmospheric noise should be regarded as being 
primarily a meteorological phenomenon, being due 
to the lightning strokes in thunderstorms. The con¬ 
ditions for the production of thunderstorms are 
intimately bound up with the heating of the air 
by conduction from the earth under the influence 
of the sun’s rays. Thus peak thunderstorm activity 
occurs in the late afternoon and evening, and, when 
the ionospheric conditions for the transmission of 
the noise over a distance are taken into account, 
it appears that a directional receiving aerial would 
tend to pick up the highest level of noise from an 
area lying slightly west of the sunset line. This 
enabled the authors to locate approximately the 
position of the noise sources responsible for the 
deterioration in circuit performances at the United 
Kingdom end of the circuit, for each of the circuits 
being examined, and a scrutiny of the receiving 


operator’s logs confirmed that there was an increase 
in the atmospherics at about the times expected. 

Thus, it may be concluded, there is, at certain 
times of day, a deterioration in circuit performance 
over long-distance circuits in the direction in which 
reception is taking place in local summer, thus 
leading to a pronounced tendency for circuit 
asymmetry to occur. In addition, there may be 
long-term asymmetry, due to consistent differences 
in the local noise levels and, possibly, to other 
differences in conditions at the receiving terminals. 
Of the two effects of non-reciprocity and circuit 
asymmetry it would seem that the latter is respon¬ 
sible for the major differential effects observed in 
practice for transmission in opposite directions over 
a circuit, at least when the two terminals are located 
in widely different latitudes. 
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“ BELLING LEE ” NOTES 


Why do “ Belling-Lee ” T.V. 
aerials stand up straighter longer 
than most? Because after they leave 
the laboratory with the desired elec¬ 
trical characteristics, mechanical 
engineers set to and build them so 
that they will withstand the extreme 
rigour of our climate, and so that the 
factory is able to make them at a fair 
price. We do not expect a physicist 
specialising on aerial designs to be as 
good at mechanical designs as an en¬ 
gineer who specialises in that work. 

Pre-production samples are 
tested by the laboratory and by 
a field research team and not until 
the results compare favourably 
with the original laboratory model 
do we go ahead. 

But what a lot of “ know-how ” 
is employed at every stage; wind¬ 
age, weight (plus ice and snow) 
and resistance to corrosion. How 
many users know that dangerous 
corrosion is retarded by the use 
of identical metals, and where 
dissimilar metals have to be used, 
in the choice of those with a low 
potential difference? 

“ Belling-Lee ” try to avoid the 
use of steel parts, and where they 
must be used they are suitably 
treated. It is common knowledge 
that the component parts of an 
aerial lock together after a few 
weeks in the open. The white 
powdery coating that forms is 
generally aluminium carbonate or 
aluminium oxide and is in itself 
generally harmless. It only takes 
a minute to rub some grease on to 
mating parts to ensure easy dis¬ 
mantling at any time. 

“ Belling-Lee ” do aim to strike 
a happy balance between electrical 
and mechanical performance, and 
that is why some of our aerials 
cost a few shillings more, but what 
is so galling is to know that produc¬ 
tion is sometimes held back to 
achieve one or two dBs improve¬ 
ment, and that only an infinite 
percentage is installed with the 
knowledge and care to take advan¬ 
tage of this extra efficiency. For 
example, neighbours in identical 
houses using identical aerials and 
receivers can easily get widely 
different results because one of 
them is receiving an out-of-phase 
reflected signal, giving a weak 
picture. Even moving the aerial 
a few feet might help. This is 
another example of “ probing the 
roof” for optimum results. 


td., Enfield, A 
h Nov. 1956 


FLEX LEAD FILTERS 
L. 1314 ^ d 2 ‘ core Clbles 2 amp - 250 v - 

L. 1316 Complete with 6ft. 2-cor. cable 

This small flex lead filter (L.1314) 
is designed for the suppression of 
interference at television frequencies 
only, and for insertion in the flex lead 
within (tin. of the offending component 
of an appliance. The most convenient 
form of filter which can be readily 
serviced, it is complete with terminals 
and cord grips, etc. Three-core cables 
may be fitted, by-passing the earth 

The type moulded into a 6ft. 6in. 
length of cable (L.1316) is intended 
for use by electrical appliance manufac¬ 
turers as an integral part of the appara¬ 
tus, although it may be used to replace 
an existing cable. These flex lead filters 
may be used in conjunction with the 
plug L.1308 which has a built-in filter 
efficient on the medium and long wave- 



"BELLING - LEE” 

T.V. INTERFERENCE 




Where an appliance is suspected 
of or known to be creating electrical 
interference on the long and medium 
wavebands, the interference can usually 
be filtered or reduced by the insertion 
of this mains plug. This is designed 
for fitting to the free end of the flex 
lead, replacing the normal type of 
5 amp 3-pole plug generally used. 

Appliances likely to cause mains- 
conducted interference are hair dryers, 
refrigerators, washing machines, food 
mixers, fans, small motors, small drills, 
grinders, lathes, etc., actuated by 
commutator motors. 


L.799 or 3-core) 2 amp. Inductor and 
*— ' 7 v capacitor filter 250 v. a.c./d.c. 

Effective at band I television fre¬ 
quencies and short and medium 
wavebands. 

This is designed for connection in 
the lead of domestic electrical equipment 
such as hair dryers, vacuum cleaners, 
sewing machine motors, electric fans, 
etc., and to be truly effective must be 
fitted within 6in. of the connections 
of the motor in the appliance. 




I BELLING & LEE LTD 

GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 


Telephone : Enfield 3322 • Telegrams: Radiobel, Enfield 
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MARCONI LOW FREQUENCY CRYSTALS 



IN THE RANGE 1.6-50 Kc/s 


Available in evacuated envelopes with B7G base or with 
flexible leads for connection into the circuit 


Among the many uses for this type 
of crystal are the following:— 

SPEECH INVERSION 
OSCILLATORS 

CARRIER CHANNELLING 
EQUIPMENT 

RANGE CALIBRATORS 

TIMING APPLICATIONS ETC. 


Flexure mode crystals are suitable for a wide 
variety of applications where an oscillator of 
good stability and small size is essential. They 
cover the frequency range 1.6 to 50 Kc/s with 
a point of zero temperature coefficient in the 
range o°-40°C. The bar in XY flexure used 
between 1.6 and 12.0 Kc/s has the great 
advantage of a low temperature coefficient in 
the region of room temperature. 



Lifeline of Communication 

MARCONI 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED 
CHELMSFORD, ESSEX. Telephone: CHELMSFORD 3221 






The Gated-Beam Valve 


By 

LAWRENCE W. JOHNSON * 


its Use as Limiter and Discriminator 
for Frequency Modulation Reception 


Advances in the art of frequency modulation 
reception seem all too often to come about only as a 
result of advances in allied, higher-powered fields. 
Exceptions to this rule do exist—for example, the 
M.I.T. work on multi-path transmission 1 ' 2 —but 
it is safe to say that if it were not for radar and tele¬ 
vision, the low-noise front ends and compact i.f. 
amplifiers used in modem f.m. receivers would not be 
available. It is the purpose of this paper to describe 
the 6BN6 gated-beam tube, a television development 
which bears out the original contention. To the 
designer of f.m. tuners and receivers it brings a 
very useful tool in improving performance or in 
lowering price, whichever objective may be the 
more important. 

The 6BN6 was developed in the laboratories of 
the Zenith Radio Corporation, by a group led by 
Dr. Robert Adler, and was first put into production 
by the General Electric Company (U.S.). The basic 
ideas were not new, but Adler’s work seems to have 
been the first to combine them all successfully. The 
prime purpose of the development appears to have 
been the simplification of the sound channel of tele¬ 
vision receivers. When the 6BN6 is so used it takes 
the place of the' limiter, discriminator, and first audio 
stages, and at the same time eliminates the rather 
complicated phase discriminator or ratio detector 
transformer, substituting in its place a simple 
inductor resonant at the intermediate frequency 3,4 . 
The resulting f.m. detector does not meet the 
requirements set forth for an exceptionally high 
capture ratio 2 , but its performance equals or sur¬ 
passes that of the commonly encountered ratio 
detector or single-Hmiter/discriminator. In some 
high-quality f.m. tuners the 6BN6 is employed as a 
broad-band limiter only, and is followed by a 
separate broad-band detector to assure a good cap- 


Counter Discriminators 

Understanding the operation of the 6BN6 is not 
difficult if one falls back upon previously explained 
phenomena and circuits. Roddam 5 and Scroggie 6 
have done much to familiarize readers of this journal 
with low-frequency versions of the counter type of 
discriminator, which presents several intriguing 
advantages, but also imposes limitations on band¬ 
width because of the necessarily low intermediate 
frequency. The 6BN6 may be thought of as a way 
of utilizing the same general principle as that of 
the counter discriminator, at an almost arbitrarily 
high intermediate frequency. This last-mentioned 
property might seem to provide a large advantage 
over other counter-discriminator systems in that an 
excellent capture ratio would seem to be within reach. 
That this is not completely true will be discussed 
in detail later; envelope for envelope, however, 

♦Hewlett Packard Company, Palo Alto California. 


the 6BN6 still provides several points of superiority 
over practical counter detectors. 

The conventional counter detector utilizes the 
principles of pulse position modulation (p.p.m.); 
it is supposed, ideally, to put out one pulse for each 
cycle of the incoming frequency-modulated voltage. 
It is assumed that the output pulse will have a 
standard height, duration, and shape, regardless 
of the input frequency and amplitude. The resulting 
train of pulses, identical in all respects save spacing, 
can be passed through a low-pass filter, at the output 
of which will appear the desired audio signal re¬ 
presenting the demodulated wave. Fig. 1 shows an 
f.m. wave and an idealized counter detector’s action. 
It is only a simple step to consider instead a system 
where the “ duty cycle ” (ratio of pulse duration 
to the full repetition period) instead of pulse spacing 
is varied. This is the scheme which the 6BN6 
detector employs. Current pulses are formed which 
have standard height, rise time, and fall time; they 
vary in both width and spacing, but the significant 
fact is that the duty cycle, nominally 25% with no 
modulation, is made to vary in accordance with the 
deviation of the instantaneous input frequency from 
the fixed intermediate frequency. As before, the 
current pulses are passed into a low-pass filter, which 
yields an output proportional to duty cycle, thus 
conveying the desired modulation intelligence. 

Dual Control Grids 

The details of the manner in which the 6BN6 
accomplishes these functions are fairly straight¬ 
forward. For the present let it suffice to say that the 
6BN6 has two control grids, well-shielded from each 
other, both of which are capable of cutting off anode 
current, and whose dynamic ranges are both quite 
small. Thus an alternating voltage on either electrode 
of a few volts amplitude, peak-to-peak, will cause 
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Fig. 2. Variation in pulse duty cycle for changes of phase between the limiter and quadrature grids. Anode current is 
assumed to flow only when both grids are positive. 


pulses of anode current to flow as the electrode 
voltage is carried from cut-off to saturation and back. 
For reasons that will be clear later, the closer of the 
two grids to the cathode is called the limiter grid, 
and the other is called the quadrature grid. 

Suppose now that an unmodulated signal is applied 
to the limiter grid, and that the same signal, advanced 
in phase by 90 degrees, is applied to the quadrature 
grid. (The reason for the name may now be growing 
apparent.) If the amplitudes of the two voltages are 
sufficient, either by itself would suffice to form 
pulses of anode current, and if one or the other were 
of zero amplitude, the other would cause the anode 
current duty cycle to be 50%. Fig. 2(a) shows how, 
with the application of voltages 90 degrees apart, the 
anode current duty cycle would be reduced to 25%. 
For simplicity, current is assumed to reach the anode 
only during the portion of the signal cycle when both 
grids are positive. 

What happens if the phase of the voltage applied 
to the limiter grid is varied, while that of the voltage 
applied to the quadrature grid is kept steady as 
in the initial example? If the phase of the limiter 
grid voltage is advanced by 45 degrees, the anode 
current pulses will be as shown in Fig. 2(b); the 
duty cycle has been increased to 37 J%. Alternatively, 
if the phase of the limiter grid voltage is retarded 
by 45 degrees, the anode current pulses will be as 
shown in Fig. 2(c); now the duty cycle has been 
decreased to 12£%. Bear in mind that Fig. 2 is 
for a voltage of constant frequency and unchanging 
phase applied to the quadrature grid, with variation 
only of the phase of the voltage applied to the 
limiter grid; these conditions are exactly what might 
be encountered in a phase detector. That is, such a 
circuit would provide a d.c. output that would vary 
in proportion to the phase difference between a 
variable-phase carrier-frequency input and a fixed- 
phase carrier-frequency reference input. The line 
between phase and frequency is a hazy one; if, for 
example, one speaks of a continuously changing 
phase, one may equally well speak of a frequency 
shift. Thus it is that phase detectors and frequency 
modulation detectors often have very similar circuits. 

The 6BN6 phase detector can be used almost 
without change as a frequency modulation detector; 
it is necessary only to arrange somehow to supply 
an appropriate reference voltage to the quadrature 

24 


grid. The signal to be detected will be applied to the 
limiter grid; a convenient result of the narrow dynamic 
range of the limiter grid is that amplitude modulation 
of the input signal will have little effect on the timing 
of the anode current switching. 

Practical Circuit 

Fig. 3 shows the circuit actually used in the 6BN6 
f.m. detector. The representation is drawn in the 
fashion of a pentode; more physical detail will be 
given later. The limiter grid is that nearest the 
cathode, while an accelerator or screen grid is between 
the limiter and quadrature grids. The signal to be 
detected is connected to the limiter grid, a moder- 
ately-high-Q resonant circuit is connected to the 
quadrature, grid, a typical screen grid voltage is 
applied to the accelerator, and to the anode are 
attached a load resistor, an integrating capacitor 
(to earth), and a coupling capacitor (to the audio 
amplifier). With this circuit configmation, consider 
the situation when a signal is applied of the same 
frequency (the intermediate frequency of the receiver) 



Fig. 3. Basic circuit of gated-beam limiter discriminator. 


Wireless World, January 1957 















































completely enclosed by a structure at cathode poten¬ 
tial, which in turn is almost completely surrounded 
by the accelerator. Note also that the anode and 
quadrature grid are almost completely enclosed in 
another structure at cathode potential. With such a 
structure it should not be surprising that the direct 
capacitance between quadrature grid and limiter 
grid is less than 0.004 pF. The limiting action of 
both grids is accomplished by means of carefully 
planned electron-optical conditions. Either grid 
will draw no more than 0.5 mA no matter how far 
positive it may be driven, and the box structure, 
combined with the sheet-beam resulting from careful 
electrode layout, yields a sharp cut-off characteristic. 
In fact, as long as the signal applied to the limiter 
grid is above about two volts r.m.s., the space 
current which passes out of the accelerator is carried 
rapidly from zero to the saturation value; conse¬ 
quently the name limiter grid is justified, for any 
larger amplitude of input voltage will only sharpen 
the transition from zero to the saturation value. 

The Q of the quadrature coil can vary between 
fairly broad limits. On the one hand, it must not 
be too sharply tuned, or the amplitude of the quadra¬ 
ture voltage may drop off at large deviations, and the 
phase deviation may depart from linearity. On the 
other hand, it should not be too broad, since there is 
then danger of insufficient quadrature grid voltage 
as a result of the reduced quadrature coil voltage. 
As a practical matter to insure continuity of operation 
with valve replacement, the manufacturer recom¬ 
mends that a total of at least 10 pF of capacitance 
be used across the quadrature coil. Needless to say, 
careful shielding of the quadrature circuit is necessary, 
especially from the input circuit to the limiter grid. 
Broadening the quadrature coil tuning will aid in 
broadening the bandwidth of the 6BN6 detector, 
but it appears that the practical upper limit will still 
not permit its use in a design which calls for a 
two- or three-megacycle detector bandwidth. Never¬ 
theless the circuit fits well the requirements of low 
cost receivers, since it will still provide a greater- 
than-normal bandwidth while providing a high 
output voltage, thus contributing to the simplicity 
and low cost of such a receiver while keeping quality 
reasonably high. 

Use as Limiter 

The characteristics of the limiter grid suggest 
that the 6BN6 can be profitably employed as a pure 
limiter. This is in fact the case. For use as a limiter 
the manufacturer suggests that the quadrature grid 
should be connected to the anode if the maximum 
amplitude of output voltage is desired, or to earth 
if limiting on the smallest possible input signal is 
desired. Particularly desirable in a limiter is the 
characteristic of the 6BN6 that results from its 
electron-optical design; limiting does not depend on 
flow of grid current, nor in any way on biases deter¬ 
mined by signal levels. Thus there are no time 
constants associated with the limiting action, which 
cannot be said to be true of the familiar pentode 
limiter, or even of some diode limiters. Thus the 
6BN6 provides improved immunity from impulse 
interference and from rapidly changing signal levels, 
in contrast to the pile-up effect characteristic of 
pentode limiters. These several advantages have 
led to the appearance of the 6BN6 as a limiter in 
several high-quality f.m. receivers. It may be that 



Fig. 5. Cross-section of electrode structure in the 6BN6 

valve. 

its failure to appear as a limiter-discriminator in 
inexpensive tuners is attributable to a stigma based 
on its television cost-cutting background. Such a 
reluctance is certainly not justified, since the 6BN6 
when properly used can out-perform the presently 
popular ratio detectors and discriminators used in 
inexpensive equipment. 

A detailed study of the gated-beam limiter at 
M.I.T. 8 bears out the conclusions stated above about 
the excellence of its properties. The study recom¬ 
mends separate control of the biases on limiter and 
quadrature grids for optimum adjustment of limiting 
characteristics. This appears to be desirable because 
of variations in characteristics from valve to valve. 
Cascaded 6BN6 limiters with earthed quadrature 
grids were used in the Cross-Paananen receiver 
developed at M.I.T. 9 ' 10 , and mentioned in an earlier 
article in this journal 2 . 

A recently announced R.C.A. development 11 seems 
to be very similar to the 6BN6 detector circuit 
described above. The circuitry is essentially identical, 
but the operation differs in that the detector is 
normally oscillating, and only for strong signals 
does the oscillation cease. For weak signals the 
action is along the lines of the locked-oscillator 
detector, developed and used some years ago 12 . 
There is no indication that the 6DT6, the special 
pentode developed for this circuit, possesses the 
electron-optical limiting characteristics of the 6BN6. 
It is possible that a marriage of the two schemes, 
combining the good features of both, would prove 
interesting. Presumably such an approach would 
involve modifying the 6BN6 circuit so that it would 
oscillate for low values of input signal. 

D.C. Component 

There is a characteristic of the 6BN6 detector 
that may be considered by some to be a disadvantage. 
There is present at the anode a d.c. voltage which 
varies in the fashion required for control of an 
automatic frequency control circuit, except for 
the fact that the voltage level for centred tuning is 
not zero but is instead of the order of 100 volts. 
This makes difficult, but not impossible, the job of 
designing an a.f.c. circuit, the need for which might 
better be counteracted by devoting care to the 
design of the local oscillator. 

Tuning meters can easily be used with the 6BN6 
circuit; the limiter grid current, never greater than 
one half milliampere, is a wonderfully sensitive 
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aid in tuning weak stations, while for strong stations 
the grid current of the preceding intermediate 
frequency amplifier stage—which would be the 
logical source of automatic gain control voltage in a 
6BN6 receiver—provides a sensitive indicator. The 
provision of a zero-centre on-channel indication falls 
in the same category as providing a.f.c., however. 

Modification of existing equipment to employ the 
6BN6 as a limiter-detector is quite practical, and 
in most cases will yield an improvement. 

Existing limiters can be converted to additional 
intermediate frequency amplifier stages by appro¬ 
priate adjustments of their operating conditions, and 
the discriminator or ratio detector transformer can 
often be converted into a driver transformer for the 
6BN6 limiter grid. Room for a shielded quadrature 
coil must be located. The d.c. resistance in the 
6BN6 limiter grid circuit should be kept under 
200 ohms, lest the flow of grid current upset bias 
conditions. The results of such a modification will 
generally be as follows: sensitivity will be increased, 
noise rejection will be improved, alignment will be 
easier, and tuning will be easier. This last feature is 
perhaps as welcome as any of the others. It results 
from the fact that the broader-than-usual bandwidth 
of the 6BN6 detector effectively eliminates the three- 
point detection usually encountered, substituting 
instead a broad region of smooth tuning with noisy 
regions on each side which result from slope detec¬ 
tion in the intermediate frequency amplifier and 
consequently present a highly amplitude-modulated 
signal to the limiter grid. This timing characteristic 
makes it convenient to design an inter-station squelch 
circuit activated by the super-audible components 
present in the inter-station noise. 


In closing it might be noted that many applications 
other than those mentioned have been found for the 
6BN6. It is useful as a clipper, square-wave genera¬ 
tor, frequency multiplier, gated amplifier, coinci¬ 
dence circuit, slicer, or multivibrator. And finally, 
it seems to be the only tube which can be self-biased 
to anode-current cut-off. 
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Modernizing T.R.F. Television Receivers 

By P. F. CUNDY, A.M.l.E.E. 


F OLLOWING the article by G. J. Conway in the 
November, 1956, issue, it is worth while considering 
another method of converting Channel-I “ straight ” 
vision receivers to Crystal Palace single-sideband 
transmissions, and at the same time introducing Band 
III reception. 

In simple terms this method is to change all sound 
channel circuits and traps from 41.5 Mc/s to 
38.15 Mc/s, the vision circuits from 45-48 Mc/s to 
34.65-37.65 Mc/s, and to add a multi-channel tuner 
in front. The previous signal-frequency sound and 
vision stages are thus converted to the standard 
recommended British intermediate frequencies, and 
any tuner with the “standard” id. output will do. 

This treatment can be applied to “straight” sets 
in each of the following circumstances : — 

(1) Upper-sideband types. 

(2) Double-sideband types. 

(3) Lower-sideband types when a simply added 
Band-Ill converter cannot be used because of 
45 Mc/s re-radiation from the receiver or because of 
direct 45 Mc/s pick-up. 

In most cases the existing trimming arrangements 
on the sound channel cater for the change from 


41.5 Mc/s to 38.15 Mc/s (which is about 8%) and 
this is also true of the sound traps. Sets of type 2 
and 3 would have had sufficient sound attenuation in 
their existing trap circuits to make alterations (other 
than tuning) unnecessary. 

In general, type 1 receivers will need at least one 
additional sound trap. This can be made and fitted 
in exactly the same manner as described by Conway, 
but, of course, designed to resonate at 38.15 Mc/s. 

With the vision circuits, the change in frequency re¬ 
quired is up to 22 % and this is usually well outside the 
range of the existing trimming facilities. The simplest 
way to lower the frequency of these circuits is by addi¬ 
tional capacitance. A value of 6.8 pF is the best 
starting point and capacitors of this value should be 
connected from anode to earth and from grid to 
earth of each valve handling vision-frequency signals. 
Care must be taken that these capacitors and the 
leads to them are positioned so that the anode-to-grid 
capacitances of the amplifying valves are not aug¬ 
mented by excessive external feedback, or stability 
will suffer. 

During alignment it may turn out that the 6.8-pF 
capacitor is either too large or too small. In this 
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case it should be changed for a 4.7-pF or a 10-pF 
capacitor, but 6.8 pF will be right for at least 75% 
of the requirements. 

The added capacitance increases the selectivity 
and this could be troublesome. It is not worth while, 
however, changing damping resistors where they 
exist and are 10 kH or less. To any circuits which 
in the original condition were not provided with 
damping resistors, values of 15 kll or 22 kfl may be 
added. 

On the question of alignment procedure it is im¬ 
possible to give any specific advice. If carried out 
by somebody who has an instinct for this kind of 
thing it is not difficult, but in the absence of an 
oscilloscope and sweep generator it can be tedious. A 
good starting point is to align all circuits on 
34.56 Mc/'s and then raise the frequency of two- 
thirds of them slowly, leaving one-third at about 
36.15 Mc/s and pushing the remaining one-third as 
near 37.65 Mc/s as possible without running into 
sound-on-vision. It should be borne in mind that 
the sound rejectors may require some re-adjust¬ 
ment in the process. 

Acceptable performance should always be achiev¬ 
able, with bandwidths of 2 Mc/s in all cases and 

2.5 Mc/s quite often. Users of the well-known Pye 
45 Mc/s strip will find the conversion satisfactory, 
and because of the large number of tuned circuits 
it is possible to avoid the use of sound traps. 
Responses 3 dB down at 37 Mc/s, 15 dB down at 

37.5 Mc/s and 30 dB down at sound carrier frequency 
can be achieved by tuning adjustment alone. 

Gain lost in adding capacitors and damping 
resistors to amplifying stages will be more than made 
up by the tuner. Since few of the receivers will have 
provision for any form of a.g.c., adjustment of con¬ 
trast control on changing channels will usually be 
necessary. 

Good results have been obtained with the conver¬ 
sion of several receivers, both commercially-made 
and home-constructed. The Cyldon “Teletuner” 
has been used successfully, and also the G.E.C. type 
BT205 adaptor and a home-built tuner. 


Transatlantic Television 

BRIEF mention was made in last month’s “World of 
Wireless ” of the successful reception of B.B.C. television 
transmissions in the United States. Since then, further 
details of the reception arrangements have been given 
to Wireless World by Dr. H. R. L. Lamont, European 
technical representative of the Radio Corporation of 
America. 

The main receiving aerial is a horizontally polarized 
rhombic (mounted on 50-ft wooden poles) with an 
overall length of 329ft. The side angles are 142“ 
and the side lengths 173ft. The aerial is designed for 
our Channel 1, with the main lobe 7° above the 
horizon in the great circle azimuth of London. The 
far end is terminated in 800 ohms with the near end 
working into a 50-ft length of tapered impedance 
matching transformer. This feeds through approximately 
100-ft of 300-ohm balanced line to the receiving equip- 

From the transmission line a 300- to 75-ohm balun, 
hgving less than 1 dB loss, a standing-wave ratio of less 
than 1:1.2 and a balanced to unbalanced ratio greater 
than 18 dB, is used. The pre-amplifier has a noise factor 
of 5 dB or less and a gain of approximately 25 dB. A 
network designed to reduce, interference from strong off- 
channel stations is in the circuit after the pre-amplifier. 
Thereafter, the signal is fed to two Ekco T283 receivers. 
Two receivers are used because, with weak signals and 
intereference, optimum sound tuning does not always 
correspond to optimum picture tuning. Both receivers 
have been equipped with cathode-follower output 
systems, vision being taken from the second detector and 
sound from the loudspeaker speech coil circuit. The 
vision signal is then fed to a microwave relay system 
for transmission to the NBC Laboratory in New York, 
a distance of 70 miles from the receiving station at River- 
head, Long Island. Sound is conveyed by line. 

In New York another Ekco receiver with an additional 
amplifier having a gain of approximately 10 to 1 is 
installed. Output from the amplifier is d.c.-restored by 
means of a diode where it is applied to the regular vision 
amplifier within the receiver. The received picture is 
then re-televised by a Vidicon camera chain operating 
from an RCA sync generator. The camera utilizes a 
25-mm, fl.4 lens, and with this lens is capable of 600-line 
horizontal resolution. 

Although recognizable signals have been received there 
has been considerable interference and multipath effects. 


SHORT-WAVE CONDITIONS Prediction for January 



THE full curves given here indicate the highest fre¬ 
quencies likely to be usable at any time of the day or 
night for reliable communications over four long¬ 
distance paths from this country during January. 

Broken-line curves give the highest frequencies that 
will sustain a partial service throughout the same period. 


. FREQUENCY BELOW WHICH COMMUNICATION SHOULD 

BE POSSIBLE FOR 257. OF THE TOTAL TIME 

-PREDICTED AVERAGE MAXIMUM USABLE FREQUENCY 

- FREQUENCY BELOW WHICH COMMUNICATION SHOULD 

BE POSSIBLE ON ALL UNDISTURBED DAYS 
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STROBOSCOPES For all applications 


HIGH POWER STROBOSCOPES for the 
measurement of speed and observation of rotary 
and reciprocating mechanisms. 

GENERAL PURPOSE TYPE 4 ^ 

Range 250-15,000 flashes per minute. Accuracy 5% 
of scale reading. Duration of Flash 15 microsecs, 
(approx.) Lamp Peak Axial Intensity 100,000 candle 
power at 1,500 F.P.M. 



HAND STROBOSCOPE TYPE 5 ^ 

A new inexpensive stroboscope for use in work¬ 
shops, garages, and factories. A simple and robust 
instrument. It has a range of 300-6000 r.p.m. and 
operates from 220/240 volt AC mains. 

OTHER PRODUCTS 

Electromagnetic Vibrators with associated control 
equipment (up to 3.000 lbs.) 



^ PRECISION TYPE 3c 

Direct Reading 200-6000 r.p.m. Accuracy 1% full 
scale. Light intensity 100,000 candle power at 25 
flashes per sec. The lamp may be detached from the 
body for remote working as shown. Also type 3c/P, 
same specification as model 3c, but fitted with Photo¬ 
electric Transducer for easy synchronisation. 




E.M.I. ELECTRONICS 

INDUSTRIAL PRODUCTS DIVISION (Dept. 127) 

HAYES MIDDLESEX ■ ENGLAND • Tel: SOUthall 2468 Ext. 475 


LTD. 
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I 

An outstanding range of 

Ceramics 


;h frequency, radio 
. components, when¬ 
ever good insulation under 
extreme climatic conditions 
is a major consideration, 
you would do well to in¬ 
corporate Plessey Ceramic 
insulators. The range in¬ 
cludes bases for valves, 
switches and trimmer con¬ 
densers together with stand¬ 
off insulators, bushes and 
washers. In addition con¬ 
sideration and advice is 
given on customers’ specific 
requirements. 









CHEMICAL AND METALLURGICAL DIVISION 

THE PLESSEY COMPANY LIMITED • WOOD BURCOTE WAY • TOWCESTER • NORTHANTS 


^ PCsal 








LETTERS TO THE EDITOR 


The Editor does not necessarily endorse the opinions expressed by his correspondents 


Is Distortion Unpleasant ? 

AS A. J. Hickman points out (December, 1956, issue), 
one can get used to anything: vibrato, dominant seventh 
chords, even deliberately mistuned “ jazz ” pianos, are 
sought after and give pleasure if not overworked. 

The point is that all these effects are under the con¬ 
trol of the musician, but the products of non-linearity 
are not. 

Hindhead. HENRY MORGAN. 

Disc Replay Equalizers 

THE article by J. D. Smith on “ Disc Recording 
Characteristics ” in the November 1956 issue gives in¬ 
correct formulas for the components of the combined 
network in Fig. 3. It can be shown that the correct 
formulas should be as follows: — 


nR 



A practical circuit would be: — 



becoming inoperative, then the value of mR may be 
increased or even omitted. 

E.M.I. Studios, London, N.W.8. W. H. LIVY. 


Another network which will give an identical 
frequency response curve is: — 



The error in Mr. Smith’s formulae may explain why 
his feedback circuit shown in Fig. 4 does not appear 
to conform to the combined network diagram. 

It can be easily demonstrated that the frequency 
response V„/V of the combined networks above is exactly 
the same as the variation with frequency of the impe¬ 
dance seen looking back into the output terminals of the 
network, so that these networks can be used directly in 
the feedback loop of an amplifier to get the desired replay 
characteristic. A third network is also available giving 
the same impedance variation. 


The Author Replies : 

YOUR correspondent is quite right in taking me to task 
for misquoting the formulae in Fig. 3. It will be noted 
that the expressions I gave are in fact approximations 
to the correct ones, since that for n may be rewritten as 

n _(ts^2)(i_tj) which reduces to^Z± 2 , as given, 
when In either case RCb = Since Fig. 3. 

is intended to illustrate formal networks, I must apolo¬ 
gize for quoting the approximate formulae. 

The approximation is valid when pre-emphasis is 
applied sparingly, as has been the practice in the past 
but which is scarcely true with the B.S.S. characteristics: 
the approximation is fair for the coarse groove case but 
somewhat gross for fine groove. The major inaccuracy 
is in the limitation of bass boost and does not exceed 
2 dB, which for many purposes is sufficiendy accurate. 
The circuit of Fig. 4 of my article is not derived 
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i, and therefore IS 


directly from this combined network. Only two of the 
required time constants, t, and t 2 , are included in the 
feedback network itself; the third appears by virtue of 
the finite gain of the valve which limits the bass boost. 
(If a circuit is to be used for equalizing several charac¬ 
teristics, some of which require less boost, this can be 
reduced by means of R 5 .) There is a fourth time con¬ 
stant, t„ due to the fact that the h.f. cut does not 
continue indefinitely. Hence, the overall response is of 
the form: — 



In practice, this highest time constant is not observed 
since it occurs beyond the pass-band of the amplifier. 
The conditions giving the three plateau regions were 
shown in Fig. 5. It is clear that the design of the 
equalizer involves a knowledge of the gain of the stage 
and even then is not quite straightforward because the 
feedback network provides frequency-dependent loading 
on the anode circuit, so modifying the response in a 
manner which tends to increase both the bass boost 
and treble cut and should be allowed for (most readily 
by experiment). 

Note that under the bass boost condition the stage 
is working without feedback so that the maximum mid¬ 
band gain is realized. Against this it must be admitted 
that the limiting boost is dependent on valve parameters 
and therefore liable to change with ageing, etc. 

The two practical circuits cannot be directly compared 
as they fulfil different operational requirements. The 
one given by your correspondent employs more feed¬ 
back and hence gives equalization accurately controlled 
by the network elements, but at the expense of overall 
gain. In many instances, greater gain is required and 
this is achieved by raising the network impedance until 
the bass boost is limited by the available valve gain and 
not by the network itself. Under these conditions it is 
often convenient to include redundant resistors in order 
to avoid the use of inconveniently large values and the 
circuit may then take a form similar to that which I 
gave (which is in fact a derivative of the third network 
given in Mr. Livy’s letter). 

Watford. J. D. SMITH. 


Scale Distortion Again 

“ M. G. L.” ends his review of a high-fidelity test record 
(December issue) by saying of loudness controls that they 
try “to reproduce an orchestra as it would be heard a 
long way away with the frequency balance as it would 
be audible much closer; and this cannot possibly lead 
to natural results.” 

The problem of scale distortion (loss in the ear of bass 
and treble at loudness levels less than natural) cannot 
be solved by ignoring it. The Fletcher and Munson 
curves show the loss of bass to approach 14 dB per octave 
at very low levels, and compensation is essential to hear 
the bass at all. Reproduction of an orchestra at full 
volume cannot be tolerated in ordinary rooms, and would 
be unnatural anyway. Reduction by ordinary (uncom¬ 
pensated) volume-control in effect removes the orchestra 
“a long way away” with loss of bass and treble, and 
makes the music thin, monotonous and tiring to listen to. 

Reduction by compensated volume—so-called loud¬ 
ness—control effectively leaves the orchestra at its proper 
distance, but playing quieter (or with fewer members, 
if you will) as would be expected within the confines of 


an ordinary listening room 
natural. 

Absolute fidelity in the home cannot be hoped for, 
due to the many well-known causes, but compensation 
for scale distortion is a valuable aid to the illusion of 
naturalness and the pleasure of listening—the real aim. 

Walsall, Staffs. STANLEY MAY. 

The Reviewer Replies : 

I CANNOT agree with Stanley May’s statement that 
“reproduction of an orchestra at full volume cannot be 
tolerated in ordinary rooms and would be unnatural 
anyway.” The aim of correct reproduction is surely to 
produce in the ear the same sound pressures as would 
be produced in the ear in the concert hall. Subject to 
the usual distortions this can be achieved, and in the 
opinion of many people, including myself, leads to the 
most natural results. Many of us who share a belief in 
this standard think that music is often reproduced too 
loud by “hi-fi” addicts. 

If an orchestra were to play quietly or with fewer 
members in the concert hall, owing to the scale distor¬ 
tion Mr. May mentions, the frequency balance heard 
would be different from that of a normal orchestra. 
Thus, even if for some reason we wish to reproduce our 
music as it would be played by such a smaller orchestra 
at the same distance as usual, it would be unnatural to 
compensate in the living room for a change which would 
remain uncompensated in the concert hall. 

It is, however, possible that reproduction sounding like 
an orchestra which is the wrong size and has an incorrect 
frequency balance may be preferable to reproduction 
sounding like an orchestra of correct size and balance 
which is too far away. If we are restricted to these 
alternatives there may be some justification for Mr. 
May’s use of a “ loudness ” control, but neither of these 
alternatives attempts to provide the correct reproduction 
that can to a large extent be achieved. 

M. G. L. 


The UL Circuit 

I NOTED Grant’s application (September, 1956, issue) 
of the UL circuit to single-sided pentodes with some 
interest. My company suggested this to a magazine editor 
here in the U.S. and he turned down the suggestion with 
the argument that it would not pay commercially since 
there is a patent licence problem. 

A tap is required on a small and low-cost output trans¬ 
former, and an engineer at one of the transformer 
companies was of the opinion that the tap cost would 
exceed that of an RC network for a conventional inverse 
feedback loop. Hence the UL circuit for a single-sided 
pentode doesn’t seem to appear commercially attractive. 
However, in my opinion, it should work out better than 
an RC loop since there should be less trouble with poor 
“ phase bandwidth ” produced by a cheap output trans- 

TED POWELL. 

Great Neck, L.I., U.S.A. 


Audio Demonstrations 

THE letters from C. Streatfield and H. Glover published 
in your October issue criticize the Radio Show demon¬ 
strations of sound-reproducing equipment and, in 
particular, the choice of programme material. 

Perhaps the manufacturer who has the listener’s ear 
for only a few minutes can be forgiven for trying to 
produce impressive rather than natural sounds. But if 
a test of naturalness is required, I, personally, remain 
convinced that speech is the best material. When well 
reproduced at the correct volume level the illusion of 
reality is, to me at least, greater than with other sounds 
well reproduced. But equipment which produces im¬ 
pressive bangs, crashes and tinkles doesn’t necessarily 
seem to reproduce speech naturally. 

London, N.W.7. W. J. CLUFF. 
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High-Quality 
Sound Broadcasting 


By 

G. H. RUSSELL 

Assoc.Brit.l. R.E. 


THE USE AND MISUSE OF V.H.F. 


M. HE main justification for v.h.f. sound broadcast¬ 
ing is the poor reception conditions in the lower 
frequency bands. At the same time, it offers an 
unprecedented opportunity for giving sound broad¬ 
casting a new lease of life. This can be done only, 
of course, by taking full advantage of the potentiali¬ 
ties of v.h.f. and in particular the wide audio fre¬ 
quency range that it makes possible. 

In this context it is illuminating to compare the 
following separate statements taken from a new 
report* on v.h.f. sound broadcasting in Europe. 

“ The programme input throughout is designed for a fre¬ 
quency band of from 30 to 15,000 c/s with all corresponding 
requirements of quality.” 

“Nor will any changes be made in the line network; most 
of the lines at present rented . . . transmit frequencies up 
to about 8,000 c/s, and the cost of increasing this bandwidth 
(except in the case of short lines to local transmitting 
stations) would be prohibitive.” 

The first comes from the German contribution and 
is representative of the attitude of all but one of the 
European broadcasting 
authorities who have 
launched v.h.f. broad¬ 
casting schemes. Even a 
small country like 
Austria is busy improv¬ 
ing the studio equipment 
to extend it to 15kc/s. 

The second quotation, 
one regrets to say, is 
from the B.B.C. contri¬ 
bution. 

The attitude of the 
B.B.C. to this question of 
the upper audio fre¬ 
quency limit is incom¬ 
prehensible. If they had 
said that a restriction to 
8,000 c/s was an unfor¬ 
tunate temporary limita- 
t i o n and efforts t o 
increase this limit sub¬ 
stantially would be made 
as soon as possible, it 
would have been under- 


E xcept for the links between 
the studios at Munich and 
Nueremberg, and between 
three stations in the south¬ 
eastern “ peninsular ” the 
whole v.h.f. network of 28 
stations in the area covered by 
Bayerischer Rundfunk operates 
on the system of direct re¬ 
broadcasting. 


standable. Have the possibilities of unattended 
microwave links been examined? And has the ques¬ 
tion of direct re-broadcasting, which can be imple¬ 
mented at the cost of one aerial and one receiver 
per transmitter, been considered? 

This system of direct re-broadcasting is being used 
extensively in Western Germany where it is known 
as Ballempfang. Indeed, it is also used by the 
British Forces’ Network in that country, t The basis 
of the system is that signals from the originating 
station are received at the site of the nearest trans¬ 
mitters) where the demodulated signal is used to 
modulate the transmitter. Alternatively, the signal 
need not be demodulated but merely frequency 
transposed and re-radiated; this is called Umsetzer. 
It is self-evident that the cost of such a system will 
be only a fraction of that incurred by microwave or 


i Broadcasting Union. 



Wireless World, January 1957 








cable links. The quality of the service rests upon 
that of the receiver at each station and the Germans 
claim that, with the receivers used, it is impossible 
to detect any degradation in quality even after six 
successive transmissions and re-transmissions. 

One of the most complicated of these networks is 
that used by the Bavarian broadcasting authority and 
this is shown in the illustration. It is obvious that 
there are limits to the use of this system where a 
number of networks are used over a wide area in¬ 
volving many transmitters. Under these conditions 
one could conceivably arrive at the position where 
interference from another network could become a 
problem. In fact, this position has already arisen in 
Germany and, in future, cable links will be resorted 
to as the networks expand. Even so, all the cable 
links between transmitting stations and the extensions 
to the studio centres will eventually be able to 
transmit frequencies up to 10-11.2 kc/s. 

Why Not in This Country? 

It is realized that with its present network of v.h.f. 
stations it would be impossible for the B.B.C. to 
employ Ballempfang. However, the ultimate aim is 
for about 30 stations to cover the country with a 
three-programme service, and it would be encouraging 
to know that the B.B.C.’s intention was to use direct 
re-broadcasting and/or radio links to give us the kind 
of reproduction of which v.h.f. is capable. High- 
quality transmission might re-create public interest 
in sound broadcasting and stop the rot to television. 

In Italy v.h.f. broadcasting is spreading fast,* but 
for a rather back-handed reason. Like our own 
B.B.C., the Italian authorities decided to place the 
v.h.f. sound and television transmitters on the same 
sites. Initially, it was proposed to proceed at a fairly 
leisurely pace determined by the rate at which a co¬ 
axial cable network could be laid. However, the 
public demand for television proved so impatient that 
it was decided to abandon the coaxial link in favour 
of microwave radio links. This enabled the authori¬ 
ties to bring into service simultaneously all the tele¬ 
vision transmitters initially projected and, in addition, 
the service has been extended to 83 % of the popula¬ 
tion instead of the 54% originally planned. 

In order to bring the v.h.f. sound broadcasting 
service into operation equally quickly, direct re-broad¬ 
cast links are used in all but a few cases where micro- 
wave links are again resorted to. It is interesting to 
note the operational system evolved on the various 
transmitting sites. These sites are divided into three 
categories: main, secondary and satellites, of which 
there are 19, 16 and 48, respectively. This classifi¬ 
cation has nothing to do with the importance of the 
stations but with staffing. Thus, the main stations are 
fully and continuously manned; the secondary 
stations have a permanent caretaker with a team of 
engineers in attendance for short periods; and the 
satellites, which are automatically switched on and 
off, have no permanent staff. There is a lovable 
Latin touch to the monitoring system adopted for the 
satellite stations. A local big-wig in the nearest town, 
such as the policeman or postman, is appointed to 
this task. If the transmission should fail, he can 
bring in a reserve transmitter by remote control, 
after which it is his duty to telephone a report to 
the nearest main station. 

While on the subject of radio links, it is notable 

* Italy now has 102 transmitters in service. 


that Denmark is considering the possibility of com¬ 
bining both sound and television links with those for 
the multi-channel telephone circuits. This would 
enable common power supplies to be used with a 
consequent saving in cost. 

Comparative Costs 

In the E.B.U. Report a number of countries have 
given details of actual or probable costs of imple¬ 
menting v.h.f. networks. These are not of general 
interest except in the case of Sweden where an inter¬ 
esting cost comparison is made between v.h.f. trans¬ 
mission and wire distribution. Three proposals are 
put forward: 

(a) A national f.m. network reinforced by wire 
distribution where reception is poor; 

(b) National wire distribution; and 

(c) F.M. transmitters for densely populated areas 
with wire distribution elsewhere. 

The estimated cost for each of these schemes is 
£56M, £81M, and £52M, respectively. There does 
not seem to be much to choose between them. How¬ 
ever, when the cost to the listener in new receivers 
or connecting cords for wire distribution is added, 
the picture becomes very different. This adds a 
further £115M, £8M and £95M, respectively. In 
spite of the economic factors, the Swedes have 
decided to adopt proposal (c), mainly on the grounds 
that radio distribution would enable a second pro¬ 
gramme to be brought to the densely populated areas 
much sooner than if wire distribution only was used. 

Without wishing to resurrect the now very dead 
f.m. versus a.m. controversy, it is illuminating to 
compare the Swedish and British approaches to alter¬ 
native systems. The figures presented to our Tele¬ 
vision Advisory Committee dealt with the capital cost 
of erecting and maintaining the transmitters only and 
left out the cost to the listener entirely. As can be 
seen from the Swedish figures, this cost can represent 
a substantial charge on the national income. It is 
to be hoped that on any future similar occasions 
which may arise this important factor will not again 
be omitted. 

Before leaving the subject of wire broadcasting, it 
should be mentioned that no reference is made to it 
in the Swiss contribution despite the fact that Swit¬ 
zerland already has a first-rate network. Neverthe¬ 
less, a network of f.m. transmitters is to be erected. 

Because of the complex network of v.h.f. transmit¬ 
ters in Western Germany, v.h.f. portables and v.h.f. 
car radio have become popular. A further interest¬ 
ing development in Germany is the marketing by 
several firms of receivers that are able to receive tele¬ 
vision sound in addition to Band II transmissions. 
The purpose underlying this is that the addition of a 
simple vision-only receiver converts it into a com¬ 
bined sound and television receiver. It should, of 
course, be noted that the German television system 
uses f.m. sound and, furthermore, that v.h.f. sound 
broadcasting came before television in Germany. 

A final note with a dreadful warning from 
Germany. The use of a 10.7-Mc/s intermediate 
frequency with poorly protected oscillators has 
resulted in “a critical situation so far as the final 
development of the v.h.f. network is concerned.” 
There appear to be four million such receivers in 
use in Western Germany. No further comment is 
necessary. 
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Adjustment of frequency 
by evaporation of a 
minute quantity of gold 
on to the existing elec¬ 
trodes enables accuracies 
of a few parts in a 
million to be achieved. 


Standard 

High Grade 


adjustment 

by /• 
evaporation 


absolute 

frequency 

control 


A long history of research and 
development; craftsmen skilled in 
the art of crystal production ; exact 
manufacturing and testing techni¬ 
ques ; an intimate knowledge of field 
applications... these are some of the 
factors which ensure that the finest 
quartz crystals are Standard. 

Cut from only the highest grade raw 
quartz, Standard quartz crystals are 
produced in a modern factory where 
methods involving the greatest pre¬ 
cision, such as the example illustrated, 
are production routines. 


QUARTZ CRYSTALS 



Standard Telephones and Cables Limited 

Registered Office: Connaught House. Aldwych, W.C.2 

QUARTZ CRYSTAL FACTORY : HARLOW • ESSEX 









Cascode Characteristics 


GRAPHICAL METHOD OF CONSTRUCTION 


By W. GRANT, B.Sc. 


The derivation of cascode characteristics by the 
use of the mathematical formulae is a useful method 
of estimating the working parameters rapidly. 
It can, however, be misleading and a graphical 
approach presents a clearer picture and may lead to a 
better appreciation of the cascode mode of operation. 

The static I 0 /V a curves of “ single ” valves are 
drawn with V a and V„ stated relative to the cathode. 
The static curves of valves in the cascode connection 
are likewise stated relative to the cathode of the lower 
section. Fig. 1(a) shows the connection of two triodes 
in cascode indicating the voltages to which reference 
will later be made and the currents which do or may 
flow. Since the purpose is to derive the static charac¬ 
teristics no anode load is shown. Fig. 1(b) shows the 
d.c. voltage vectors for the general case. 

In straight cascode operation V 9C is fixed and for 
the purpose of measuring the static curves V, (1 may 
be fixed at each of several values while V ae is varied 
in steps over the working range at each fixed value 
of V ffl , or vice versa. The curves of Figs. 5(b) and 
(6b) were measured using the first of these alternatives. 

Figs. 2(a) and 2(b) show the I 0 /V a curves of two 
triodes. Fig. 2(a) will be considered to represent 
the lower section and Fig. 2(b) the upper section of a 
cascode pair of which the I„/V a curves are displayed 
in Fig. 3 and are derived as follows. 

It will be seen from Fig. 1 that 

V aX = V M = V ffc - V ff2 (1) 

and V o2 = V ao - V i2 = V ac - V gc + V ff2 (2) 
Equation (1) defines the constancy of V o1 and Vj. 2 



(a) (b) 

Fig. I. (a) Cascode arrangement with voltage and current 
symbols used in the text, (b) Voltage vectors. 


(the origin of the I a /V 0 curves of the upper section) 
for any constant value of V ff2 . These two deductions 
from equation (1) make the graphical determination 
of cascode characteristics rapid and simple. The 
routine is tabulated below. The “ something 
over ” and “ somewhat ” become self-evident as the 
tabulation proceeds. 

(1) Set out the I„ axis to a value equal to I o1 at V o1 
equal to the proposed V ac and something over, and 
the V a axis to the supply voltage available, say 500 V. 

(2) Erect the l al fV al curves (marking them lightly) 
for all relevant values of V al up to a value of V o1 
somewhat exceeding V flc . 

(3) Since V, c2 = V ac when V 9? = zero, erect the 
I a3 /V a2 curve for V fl2 = zero taking V oc as the origin 
of the curve. 

(4) Mark off on the curve of step (3) the currents 





(b) V2 (y*l2BH7) 



Fig. 2. (a) and ( b ) Representative characteristics of two dissimilar triodes. 
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Fig. 3. Construction of cascode characteristics. Note that the 
curves of VI are the same as in Fig. 2 (a), but that the origins 
of the VI curves are successively displaced to the right by increments 
equal to the bias V g2 . 



lai at V al = V„ c for V ti = zero, —I, —2 
volts, etc. 

(5) Choose a convenient value of V„ 2 , say 
—5 volts, and erect the I a2 /V o2 curve for 
V g2 = —5 taking (V ge + 5) as the origin. 

(6) Mark off on the curve of step (5) the 
currents I o1 at V o1 = (V ge + 5) for V 9l 
= zero, —1, —2, etc. Steps (5) and (6) 
are to be repeated for larger values of V„ 2 , 
malting the appropriate adjustments in the 
origins of the I a2 /V„ 2 curves, until the 
defining points are plotted as far as desired 
or the data allows. 

(7) Join up all points corresponding to 
V ffl = zero, those corresponding to V ff i 
= — 1, and so on. 

Carrying the argument to the left of 
the curve V e2 = zero (step 3) it is seen 
that V ff2 becomes positive and I a2 becomes 
less than I o1 by I 92 . Given the I a /V a data 
in the V ff positive region and also the 
I g /V g data for the upper section, the 
curves may be completed. Such data is 
published for very few valves so all that 
can be said is that I a2 falls off in some 
unknown fashion. This is seldom of 
importance since the area is valueless for 
linear amplification. 

The working boundaries are marked 
on Fig. 4: they are:— 

A, the onset of grid current, l gU in the 
lower section. This is a strict limit if the 
grid is returned to chassis through a 
resistor but may, of course, be relaxed 
if the return is through a coil of negligible 
resistance. 

B, the limit of linearity of V 9l . This is 
variable and depends on the degree of 
distortion which can be tolerated. 

C, the onset of grid current, I„ 2 , in 
the upper section. This is a limit to be 
respected as I a2 = I al — I 92 . 

Left: Fig. 4. Complete curves developed by 
the method of Fig. 3 with the addition of 
working boundaries for linear operation. 

below: Fig. 5. Characteristics of a 6S.\7 
cascode stage; (a) graphical construction 
(b) measured. 








































V lc (VOLTS) V ic (V0LTS) 

(a) (b) 

Fie. 6. (a) Graphically constructed, and ( b ) measured characteristics of 6SL7 cascade stage for V ac = l50V. 


I 4 

(mA) 


V 4C (V0LTS) 

Above: Fig. 7. Cascode characteristics of 6SL7 with 

V ac — 75V. 

Right: Fig. 8. Demonstrating the advantage of a low- 

impedance "upper" section (VI =\ 6SL7, V2=l 6SN7) 

V„ e =IOOV. 

D, V oc max. = (for all practical purposes) V ac + 
rated V a2 max. which in normal usage denotes the 
maximum supply voltage. Some liberty can usually be 
taken with this limit, but on the other hand noise is 
liable to increase with V a and this should be taken 
into account in low-level stages. 

E, W a2 max. This is for all practical purposes the 
W a2 curve shifted by W gc . 

Fig. 5(a) presents the graphical derivation of the 
characteristics of a 6SN7 cascode stage, and Fig. 
5(b) displays the results of test measurements made 
on a 6SN7 valve of RCA manufacture chosen at 
random. The agreement of the two curves is good 
and any load line chosen from the derived curves is 
satisfactory when transferred to the measured curves, 
if permissible tolerances are borne in mind. 

Fig. 6(a) presents the graphical derivation of the 
characteristics of a 6SL7 cascode stage, and Fig. 
6(b) the results of test measurements. The agree¬ 
ment is good for n and, although the measured valve 
runs at a higher current, g m is only 15% high. 
Again, any load line chosen from the derived curves 
is satisfactory when transferred to the measured 
curves. A load line R„ = 150 kfi, representing the 
following grid resistor R ? = 400 kn, in parallel with 
the anode load R 0 = 250 k O, is drawn on both curves. 




This demonstrates the importance of adjusting such 
critical circuits to designed anode current rather than 
to grid bias voltage. 

Low values of V 9C are sometimes useful. Fig. 7 
shows the cascode characteristics of a 6SL7 at 
V ac = 75 V when, with an anode resistor of 1 Mfi 
and following grid resistor of 2 M£2, the gain is 
approximately 400 and the safe peak output voltage 
is at least 60 V. 

Fig. 8 shows that there are advantages in using an 
upper section of low impedance if the largest possible 
output voltage is required with modest h.t. supply 
and values of R 0 and following R 7 appropriate to an 
output stage. 

The graphical determination of the cascode curves, 
given any pair of triodes, is quickly made and presents 
a clear picture of the properties and limitations of 
that cascode pair. The determination of the cascode 
characteristics by the use of formuke is less accurate 
unless tediously repeated for many points from data 
which have in most cases to be found by measure¬ 
ments made on the triode curves. The formulae, 
however, do supply the quickest estimation of the 
dynamic properties of a cascode pair provided the 
appropriate values are inserted. It is easy to choose 
the appropriate values by reference to the foregoing. 
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The general formulae are included here for complete¬ 
ness; subscripts 1, 2 and c denote respectively lower 
section, upper section and cascode. 

= faO*, + D • • • • .... (3) 

r„ c = r 0l 0*. + 1) + r ot . (4) 

Smc = Sml _ *L±1 _ . . . . (5) 

0 *. + !) + ^ 

It is as plain as an outdoor aerial that the analogy 
with tetrodes must be neither taken for granted nor 
pressed too far. 

The author wishes to record his debt to the 
Principal of Woolwich Polytechnic for experimental 
facilities, and would refer readers to the article by 
“ Cathode Ray ” on “ The Cascode,” W.W., Aug. 
1955, p. 397, and to the articles mentioned therein. 


Fish-Finding Asdic 

ECHO sounders, designed primarily to show depth 
of water, have been used extensively in fishing 
vessels to detect shoals and even individual fish; 
but many valuable catches must have been missed 
because there has been no means of revealing fish 
other than those which pass immediately below 
the keel. By scanning in a horizontal plane with 
supersonic pulses, on the same principle as that 
used in the asdic submarine detection equipment, a 
much wider sea lane can be swept for fish. 

Kelvin Hughes have now produced a prototype 
fisherman’s asdic for this purpose with a range up 
to 2,000 yards which has given promising results in 
sea trials. 

The pulse transmitter and receiver unit (trans¬ 
ducer) is mounted on a vertical column working 
through a gland in the ship’s hull and can be re¬ 
tracted into a fairing when not in use. It can be 
rotated by remote control in 5° steps and an auto¬ 
matic mechanism can be set to advance the bearing 
by this amount at each pulse when making a sweep. 
The beam width is 10° and the pulse train is at 
50kc/s (lkW) with alternative durations of 1 and 
10 milliseconds. 

A heterodyne receiver circuit may be used with 


headphones or loudspeaker for watch keeping, and 
the output can be switched to a recorder for accurate 
ranging when an echo is to be investigated. 

Some degree of skill and experience is required 
if full advantage is to be taken of the information 
provided by this equipment. There are many 
sources of echoes, including scattering from the 
bottom, the water surface in rough weather, and 
the wakes of other vessels in otherwise smooth 
water. 

The accompanying specimen record shows, in the 
left-hand half, the traces of wakes which decrease 
in range until they are crossed (at the zero line 
running along the top). The horizontal echo running 
through the wake traces is from the sea bottom. 
In the middle of the picture may be seen the first 
contacts with two shoals followed by a change of 
range scale as the distance is closed: the difference 
in size of the shoals can be clearly seen. The curved 
dotted traces in the bottom right-hand corner are 
due to interference from the ship’s echo sounder 
which was also working. 

Given reasonable weather and intelligent opera¬ 
tion, there is little doubt that this new equipment is 
capable of showing considerable economies in 
steaming time in search of fish, which will more 
than offset the initial cost (of the order of £2,500). 
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Simple V.H.F. Test 
Oscillator 


Minimum Requirement for 
Aligning an F.M. Receiver 

By BERNARD DRIVER 


T HE lack of some form of signal 
generator can be an insuperable 
difficulty when contemplating the 
alignment of a v.h.f. receiver. It is, 
perhaps, not generally realized that 
a simple oscillator, as described in 
this article, if judiciously handled 
will enable a satisfactory alignment 
to be achieved. 

The basis of the circuit, which is 
shown in Fig. 1, is that described 
by H. B. Dent in the December 
1952 issue of Wireless World. 

Instead, however, of employing 
separate oscillator coils and valves 
for signal and intermediate frequen¬ 
cies a single Hartley oscillator is 
used, the 90-Mc/s range being pro¬ 
vided by harmonics. Since modulation was 
considered essential, the transitron modulator is 
omitted, but there is ample space for the additional 
valve and components inside the case, which measures 
7iin x 4jin x 2jin, if the refinement is required. 


All the components are 


The oscillator coil consists of 38 turns of 26 s.w.g. 
enamelled wire on a ^-in diameter former, tapped 7 
turns from the earthy end. The r.f. output is taken 
from a separate pick-up coil, consisting of a further 
3 turns, spaced £in from the earthy end of the oscilla¬ 
tor coil. Full winding 
details of the coil will be 
found in the article to 
which reference has 
already been made. 

The valve is an acorn 
triode, Type 955, and in 
order to save space the 
connecting wires to the 
valve are soldered direct 
to the tips of the valve 
pins, a heat shunt being 
attached to each pin 
whilst applying the sol¬ 
dering iron. The writer 
has found that a sliver of 
ice is an efficient substi¬ 
tute for the crocodile- 
clip type of heat shunt, 
where space does not 
permit the latter’s use. 


n 

I M< 


d3 


Fig. I. Theoretical circuit diagram of the v.h.f. test oscillator. 


General view of the oscillator removed from its case, 
readily identified. 
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The instrument can be calibrated with 
a fair degree of accuracy by the follow¬ 
ing method, which requires only a v.h.f. 
receiver capable of receiving the B.B.C. 
transmissions, and whose i.f. stages are 
tuned, at least approximately, to 
10.7 Me/s. 

The first step is to plot the oscillator 
dial readings against fundamentals in 
the range 9.5 to 12Mc/s. Connect 
the output from the oscillator, with 
2-kfi potentiometer (R,) at maximum, to 
the aerial socket of the receiver. If the 
receiver has an i.f. trap in the aerial 
circuit, short it out. Upon tuning C, 
between maximum and minimum capa¬ 
citance a number of responses will be 
heard. The i.f. fundamental can be 
readily identified since manipulation of 
the receiver tuning control will not tune 



The capacitance given for C 2 is 
approximate only, and if the fundamental 
cannot be found initially it may be 
necessary to try a different value capaci- 

In the unit constructed by the writer, 
the calibrated portion of the scale occu¬ 
pies about 60 degrees only, and it might 
be found desirable to apply band¬ 
spreading by reducing the value of C, 
and increasing that of C 2 . This would 
facilitate making, for example, a point-to- 
point measurement of a discriminator 
characteristic of sufficient accuracy to in¬ 
dicate quite a small degree of non-line¬ 
arity. Figs. 3 and 4 are actual curves 
plotted with this oscillator. 

Having noted the position of the i.f. 
fundamental on the oscillator tuning dial. 


9^ HARMONIC 88 90 92 94 96 98 100 102 104 106 108 

Fig. 2. Frequency calibration curve obtained by plotting the 3th and 9th 
harmonics of the oscillator beating with the Home, Third and Light 
programmes of Wrotham and North Hessary Tor. The fundamental is 
deduced from these readings. 



Fig. 3. A ratio-detector character- Fig. 4. Overall frequency response of 
■stic curve plotted with this oscillator. the i.f. amplifier of an f.m. receiver. 



Close-up of the coil showing the method of construction. 


with the aerial as well as the oscillator output, con¬ 
nected to the receiver input socket as before, and 
with the receiver tuned to the Home Service, slowly 
increase C, until a beat note is heard in the loud¬ 
speaker. This will be due to the 9th harmonic of 
the oscillator fundamental beating with the broadcast 
signal. It is easier to tune the oscillator to the null 
point of this beat note when the broadcast carrier is 
not modulated, and it may be necessary to reduce 
the output from the oscillator to avoid swamping 
the receiver. Having found the null point, the oscil¬ 
lator dial reading may be plotted against the funda¬ 
mental, which is f/9 where / is the carrier frequency, 
of the test signal. 

Then tune the receiver to the Third and Light 
programmes successively, repeating the process out¬ 
lined above by slowly increasing C, to produce a beat 
note in each case, plotting the results after dividing 
the respective carrier frequencies by 9, as before. 

Now reset the oscillator dial to the reading origin¬ 
ally noted, giving the intermediate frequency of the 
receiver. Leaving the latter tuned to the Light pro¬ 
gramme, slowly decrease C, until the first beat note 
encountered above the intermediate frequency is 
heard. This will be the 8th harmonic of the oscil¬ 
lator fundamental, and when the null point has again 
been found, the dial reading may be plotted against 
frequency using the formula f/8. Retune the receiver 
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to the Third and Home transmissions successively, 
reducing C, to produce beat notes and plotting the 
dial readings as before. 

By joining up the three points plotted from the 9th 
harmonic, and the three points plotted from the 8th 
harmonic, two curves will now be obtained, and 
assuming that the receiver has throughout been tuned 
to one or other of the transmissions from Wrotham, 
these will probably be similar to the curves shown 
by solid lines in Fig. 2. Here, however, additional 
points were obtained from North Hessary Tor. 

It now remains to connect the two curves, as 




bound to be an a; 


accuracy will be achieved if the dotted portion is 
drawn as a straight line. In addition, either end of 
the completed curve may be extended, if required, 
either notionally or by using as reference points the 


carrier frequencies of any other receivable v.h.f. 
transmissions. A v.h.f. scale can be added along the 
base line of the calibration chart as shown in Fig. 2. 

The frequency stability of the oscillator is good, 
apart from a slight positive drift which takes place 
during the warming-up period. As the extent of this 
drift depends largely on the nature of the coil former, 
compensation can be effected by selecting a negative 
temperature coefficient capacitor for C,, or possibly 
a combination of capacitors having negative and posi¬ 
tive characteristics. The direction of drift can 
readily be ascertained by heterodyning a harmonic 
of the oscillator with a carrier of known frequency 
stability in the manner described earlier in this 
article. If, after setting C, to the null point, the fre¬ 
quency of the beat note changes, and it is necessary 
to decrease C, to restore the null point, the tempera¬ 
ture coefficient of the circuit is clearly positive, and 
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Improved “ Dip ” Soldering of 
printed circuits is offered by a new 
technique in which the work is not 
actually dipped as at (a) but passed 
continuously at 2-4ft per minute over 
a wave of molten solder forced up 
by a nozzle in the bath (b). This 
avoids the discontinuity of the dip¬ 
ping or rocking movements normally 
required and the consequent break in 
production flow. Fry’s Metal Foun- 


NOZZLE 



dries, who have introduced a machine 
embodying this idea, claim that it 
allows flexibility in the rate of pro¬ 
duction and the size of circuit boards. 
There is positive expulsion of flux 
gases, freedom from trapped flux 
which may prevent wetting, and a 
reduction of “icicles” and “bridg¬ 
ing.” The stream of solder is con¬ 
sistently clean, and, being continuous, 
prevents surface cooling, thereby 
allowing a lower working tempera¬ 
ture or a shorter contact period. 

Wide Magnetic Tape, 1 inch across, 
seen at a recent E.M.I. electronics 
exhibition, was stated to be suitable 
for recording television signals. The 
composition was slightly different 
from sound-recording tape. An ex¬ 
perimental television-on-tape record¬ 
ing equipment is being developed by 
the B.B.C. Research Department and 
details can be expected within the 
next few months. 

Symmetrical Transistors are rather 
rare devices in which the two outside 
electrodes have interchangeable 
roles. Each can act as either emitter 
or collector, depending on the 
polarity of the applied voltages. 
Only one commercially available ver¬ 
sion, the S.T.C. type TS4, appears 
in Wireless World “Radio Valve 
Data.” Curiosity about possible ap¬ 
plications was partly satisfied at the 


recent I.E.E. Ferrites Convention, 
when D. S. Ridler and R. Grimmond 
described a transistor access selector 
for their new drilled-block ferrite 
storage device (see Dec., 1956, issue, 
p. 596). In this selector the sym¬ 
metrical transistors are used for gat¬ 
ing both positive and negative pulses. 

Open-sided Lines are the latest 
thing for simple and cheap transmis¬ 
sion of r.f. energy. One example is 
a single-wire line connecting a re¬ 
mote aerial to a television distribu¬ 
tion system (Radio and Television 
News, Nov., 1956). The characteris¬ 
tics are those of a coaxial cable with 
its outer conductor at infinity, and 
wave propagation is largely axial. 
The line is connected to ordinary co¬ 
axial input and output cables by 
means of large metal cones (see 
sketch) which make the transition 
between the “ outers ” and the infinite 
spacing. Losses, which increase with 
bends, are 10-20dB per mile, and in¬ 
termediate amplifiers are needed to 
cover the 15-mile stretch. Another 
example is waveguide of H-shaped 
cross-section, open at top and bottom 
(Electronic Industries, Nov., 1956). 
Intended for millimetre waves, it con¬ 
sists of a plastic moulding with metal¬ 


lic_58in MAX. DIA 

FOR 70Mc/s 



jointing are simple. 

Negative-Resistance Transistor re¬ 
cently introduced by General Electric 


in America has a characteristic like a 
point transistor that will give a re¬ 
generative switch-over action in bi¬ 
stable switching and computing cir¬ 
cuits (see figure). At the same time 
it has the uniformity, stability and 
reliability of a junction type. The 
Unijunction transistor, as it is called, 
is made from silicon and so can be 
operated at high temperatures. Be¬ 
cause of its characteristic it will do 



30 45 


CURRENT (mA) 

the work of the two junction tran¬ 
sistors normally required in a bi¬ 
stable trigger circuit. This should 
make possible a considerable simpli¬ 
fication in the design of switching and 
computing equipments using large 
numbers of transistors, with conse¬ 
quent reduction of size and cost. 

Binary v. Decimal notation was 
discussed by Dr. M. V. Wilkes at a 
recent I.E.E. meeting on data pro¬ 
cessing equipment. Many people 
have assumed that the decimal form 
is more suitable for data processing 
since very little computing is involved, 
and conversion to and from binary 
is a waste of time. Dr. Wilkes 
stressed, however, that a paramount 
problem in many data-processing 
systems is that of storing large 
quantities of information, and this 
can be done a good deal more 
efficiendy by binary techniques. 

Transistor Biological Amplifiers have 
distinct advantages over those using 
thermionic valves because of low 
microphony—normally a source of 
trouble on biological recordings. 
Moreover, their compactness allows 
them to be operated very close to 
the subject. This avoids the need 
for long input leads which can pick 
up interference and mask the re¬ 
quired waveform. A four-stage 
transistor pre-amplifier for electro¬ 
myography with a noise output of 
only 15juV is described by R. E. 
George in Vol. 7, No. 1 of the Pro¬ 
ceedings of the Electro Physiological 
Technologists’ Association. 

Telephone-line Television, made 
possible by slow scanning, illustrates 
the communication theory principle 
that you can transmit a lot of 
information in a narrow-bandwidth 
channel if only you take sufficient 
time over it. In one system, 
developed by Thompson Products 
for transmitting still pictures of 
documents ( Electronics, Nov. 1956), 
the scanning rate is 2-7 complete 
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pictures per second, and to allow for 
this a long-persistence c.r.t. is used 
at the receiving end. A horizontal 
resolution of 300 lines is possible 
with an 8-kc/s bandwidth. In the 
Bell Telephones “ Picture-phone ” 
system (see illustration) the camera 
scanning is comparatively fast at 20 
pictures per second, but the actual 
transmission rate is only 1 picture 
in 2 seconds. The picture selected 
in each 2-second period is recorded 
on a magnetic drum, then, by means 
of gating and timing circuits, is 
“ read ” off at l/40th of the recording 
speed, taking 2 seconds in trans¬ 
mission. This requires a line band¬ 
width of only 600c/s. At the 
receiving end are two storage type of 
c.r.ts, one of which builds up the 
incoming picture while the other dis¬ 
plays the previous picture. 

Silicon Transistors, capable of work¬ 
ing at high temperatures (up to 
150°C), are the next thing to watch 
for on the British market. Mean¬ 
while, two new types have been in¬ 
troduced by Texas Instruments in 
the U.S.A.—the n-p-n 2N117 and 
2N118. Suitable for high-gain, low- 
level applications, they have been 
designed to meet the stringent re¬ 
quirements of the U.S. Navy. The 
testing includes heat cycling four 
times from — 55°C to +150°C and 
storage for 24 hours at 150°C. 

R.F. Silicon Transistors of tetrode 
construction have also been 
developed by Texas Instruments, for 
working up to 100 °C. In a single- 
stage amplifier, a gain of 15dB can 
be obtained at 30Mc/s. Details of 
gain tests in the 5-30Mc/s region are 
given by R. R. Webster in the Nov., 
1956, issue of Electronic Industries. 

Flying-spot Scanning, first intro¬ 
duced by Baird in the early days of 
television, is now coming back for 
colour television. This is because 
the development of sensitive photo¬ 
multiplier tubes has made it possible 
to get video signals of good signal/ 
noise ratio at the low light levels 
given by the scanning c.r.t. In the 
Du Mont “ Vitascan ” system, for 
example ( I.R.E. Transactions 

PGBTS-6, Oct. 1956), clusters of 


5-in photo-multipliers with colour 
filters are disposed about the studio, 
and can be arranged to get “ light¬ 
ing” effects as if they were light 
sources. During scanning the studio 
has to be completely dark, but a form 
of lighting can be provided by puls¬ 
ing lamps in the frame suppression 
periods. The system is more suitable 
for low-cost industrial television, but 
has certain advantages for broad¬ 
casting; e.g., no high-power studio 
lighting and air-conditioning re¬ 
quired, good colour match between 
different scanners (since the photo¬ 
multipliers are common to them all) 
and short warm-up and adjustment 


U.H.F. Receiving Valves for Bands 
IV and V are now coming on to the 
market—-colour television and mobile 
radio being two 
likely future 
applications. One 
might expect 
such valves to 
look rather un¬ 
usual. In fact 
they are just like 
conventional B7G 
and B9A minia¬ 
ture types, ex- 
cept for the 
planar type of 
electrode struc¬ 
ture inside. A 
recent one from 
G.E.C. is the 
A2521, a low- 

able for use as an r.f. amplifier in the 
500-1,000-Mc/s region (see picture).' 
Its slope is notably high at 12 mA/V, 
and the noise factor varies between 
9 and 12 dB, depending on the fre¬ 
quency. 

Transistor Decade Counter, made as 

a potted plug-in unit by Venner 

Electronics (see photograph) is not¬ 
able for its small size (4)in x 3 Jin x 
fin) and low consumption (160mW 
or lOOmW, depending on whether it 
is used as a counter or as a -fTO 




frequency divider stage). The circuit 
consists of four bi-stable trigger cir¬ 
cuits with feedback and will operate 
at pulse input frequencies up to 
30kc/s. A resetting facility (to zero 
or to nine) is included. The 86 com¬ 
ponents are mounted on a double¬ 
sided tagboard in the potting resin. 


Folded Delay Lines of the 
acoustic-wave type are being 
developed by Bell Laboratories for 
giving long delays at radio fre¬ 
quencies (around 15Mc/s) in a rela¬ 
tively small space. The advantage 
over electrical delay lines is simply 
that acoustic waves travel some 
100,000 times slower than electro¬ 
magnetic waves, and this in itself 



makes possible much smaller, equip¬ 
ment. Solid blocks of vitreous silica 
are used, with quartz or barium 
titanote input and output trans¬ 
ducers, and the folding of the wave 
path is achieved by reflections inside 
the specially shaped block, as shown 
in the sketches. One 990-/<sec line 
utilizes 30 reflections to fold up 
some 12ft of wave path into a poly¬ 
gon 5|in in diameter. With a centre 
frequency of about 15.5Mc/s, this 
delay line has a bandwidth of over 
4Mc/s. 

Better reproduction from discs is 
offered by a tape-recording tech¬ 
nique suggested by W. E. Gilson in 
Electronics for July, 1956 (p. 125). 
Signals initially recorded on mag¬ 
netic tape are played back at half 
speed. The upper frequency limit is 
thus halved. These signals are re¬ 
recorded on an ordinary disc recorder 
which is also run at half speed. 
Effects such as cutter head resonance 
which normally cause distortion or 
loss at the higher frequencies will 
then occur outside the range to be 
recorded. On finally playing back 
the disc at normal speed the original 
signals are thus reproduced without 
distortion due to these effects. 

Complications may, however, 
occur at the lowest recorded fre¬ 
quencies. The maximum amplitude 
that can be recorded on the disc is, 
of course, limited. Thus either the 
low-frequency turnover point for re¬ 
cording on the disc will be the same 
as usual, in which case this fre¬ 
quency will be twice the normal on 
final playback; or the disc recording 
must be made at half the usual level 
and the increase in noise may be 
troublesome. Distortion at the 
lowest frequencies on the disc re¬ 
cording must be more strictly con¬ 
trolled as this will be more 
objectionable on playback when the 
frequency is doubled. The disc 
recorder must be free from rumble 
even when played at half the normal 
speed, and, due to the re-recording, 
wow and flutter requirements will 
also be more stringent 
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NEGATIVE RESISTANCE 


By « CATHODE RAY” A M y ster y of the 

Backward Bending Curve 


<v 

kJOME while ago Thomas Roddam posed a very 
interesting question*. Interesting, that is to say, to 
those who, like myself, are intrigued by questions 
which seem at first sight to imply something contra¬ 
dictory in accepted theory, but no doubt irritating 
to the “practical” folk who regard such things as 
mere hair splitting and a waste of time. Personally I 
don’t think it is a waste of time, even for a practical 
man, to look into any apparent contradiction. If 
there really is something wrong with accepted theory, 
then the sooner it is put right the better; but if (as is 
considerably more likely) it is only our view of it 
that is wrong, then that is a good thing to put right, 

Suppose we pass various amounts of current 
through a resistor, and in each case measure the 
voltage between its terminals; then (provided we take 
care to keep the temperature of the resistor constant) 
we usually find that a graph of voltage against cur¬ 
rent, such as Fig. 1, is a straight line. We conclude, 
as did Dr. Ohm long before us, that current and 



Fig. I. Graph of voltage drop against current for ordinary 
linear (ohmic) resistance. 

voltage are directly proportional to one another, so 
that the ratio V/I for any particular resistor is always 
the same, no matter what the values of V and I. 
This ratio has become quite well known as “resis¬ 
tance,” denoted by R. We can easily see that with 
any given graph scales it is proportional to the slope 
of the graph. The line is, in fact, often regarded as 
representing the resistance. But for ordinary resis¬ 
tors there is really no need to make a graph; the 
value of R in ohms (i.e., volts per amp) provides all 
the needed information. 

While this “law” established by Ohm still holds 
good for a sufficiently large number of parts of elec¬ 
trical circuits for it to be extremely useful, the num¬ 
ber of parts for which it does not hold good has 
tended to increase rather noticeably of late. I have 
it on American authority! that already 7,000,000,000 

* “ Negative Resistance,” Wireless World, July 1954, p. 336. 
t D. G. Fink, “Transistors v. Vacuum Tubes”; Proc. I.R.B. 


valves have been manufactured, and every one of 
them flagrantly disobeys Ohm’s law. So far only a 
very few million transistors have been produced, but 
Dr. Shockley has predicted an “ explosive ” increase 
very soon. And think, if you can, of all the metal 
rectifiers and neon tubes and Metrosils and much 
else. For any of these, the value of V/I varies with 
the values of V and I and also with the starting points 
from which they are measured; so the resistance is 
a variable, and a graph is necessary to provide full 
information about it. This is where the slope of the 
graph as a measure of resistance comes in useful, for 
the way in which the resistance varies can be seen at 
once from the variations in slope of the voltage/ 
current graph, without having to plot from it a resis¬ 
tance/current or resistance/voltage graph. (There 
is another way of reckoning the resistance at any point 
—as the slope of the straight line drawn from it to 
the origin—but that is seldom used in practice.) 

It is because of the curvature of their voltage/ 
current graphs that electronic devices are called non¬ 
linear. But although their curves may vary from 
almost horizontal, meaning nearly zero resistance, to 
almost vertical, meaning nearly infinite resistance, 
it is usual for the slope to be everywhere upward 
from left to rights, meaning that the resistance is 
always positive. There are, however, a few excep¬ 
tions in which the slope bends over the other way, 
as in Fig. 2, so that over a certain range of current 
and voltage the resistance comes out negative. 

Users of valves and other non-linear devices are 
commonly interested in what can be done with them 



Fig. 2. Graph of voltage drop against current for one kind 
of non-linear (non-ohmic) resistance. The resistance varies 
with voltage, and over a certain range is negative. 
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Fig. 3. Diagram combining graphs of non-linear re¬ 
sistance (as in Fig. 2) with linear resistance in series. 

In this case there are three ways (represented by P, Q and 
S) in which a total voltage V 0 can be shared between them. 

in combination with a linear resistance connected as 
a load in series with a fixed supply voltage. This 
situation can conveniently be studied by drawing a 
“ load line ” on the same diagram as the valve curve, 
as for example in Fig. 3. The technique is well 
known, but for beginners I explained it in the July 
1955 issue. The only point I need perhaps repeat 
here (in view of my having just said that a slope 
downwards towards the right represents a negative 
resistance) is that the load line sloping downwards 
towards the right does not mean that its resistance is 
negative. The apparent contradiction is because the 
point where the load line cuts the voltage scale (e.g., 
Vo in Fig. 3) represents the total fixed voltage applied 
to it and the valve in series, so the voltage across the 
load resistance is zero at that point and increases in 
the opposite direction to the scale numbering. 

Because the valve and the load resistance are in 
series, the same current must flow through both; and 
so this amount of current on the diagram must apply 
to both curve and load line. At the same time the 
voltages across them must add up to the total V 0 . 
These two facts can apply only to a point which is 
on both load line and curve at the same time as P 
in Fig. 3. This point indicates that the voltage 
across the valve is V p , the voltage across the resis¬ 
tance is Vo-Vp, and the current through both is I p . 

Three-point Intersection 

If this were a normal kind of valve, with resis¬ 
tance positive throughout, there could be only one 
point common to both its characteristic curve and 
any other positive resistance load line. But the 
valve we are considering is one of the exceptions with 
a stretch of negative resistance, which makes it pos¬ 
sible for the load fine to cut its curve at three points, 
as shown. In such cases there are two alternative 
currents, I<j and I s , that could be driven through the 
combination by the same total voltage. At both of 
these other intersections the valve resistance is posi¬ 
tive and the situation is entirely normal; the only 
question that arises is how the valve and resistor 
decide between them which point to occupy. 

Actually they haven’t much choice, because it is 



Fig. 4. Here the non-linear negative resistance of Figs. 
2 and 3 is in series with a lower resistance, and there is 
only one way of sharing V 0 . 



imposed on them from without by whoever is respon¬ 
sible for the arrangements for switching on. In the 
ordinary way, with the current growing from zero, 
it would rise to Q and stay there. But if now the 
resistor is short-circuited, changing the load-line 
slope to zero, the working point becomes unambigu¬ 
ously T. If the resistor is then unshorted the work¬ 
ing point slides down to S. 

So much for Q and S; but how can one get to P? 
It is not really very difficult; one just connects the 
junction of valve and resistor straight to a source of 
V p volts. When this connection is broken the work¬ 
ing point should remain at P. It we try it, however, 
we find it invariably flips over to Q or S. Why? 

Most treatises beg this question by stating that P 
is an unstable working point. Before we try to find 
a real answer let us just look at Fig. 4, where our 
kinked valve curve appears yet again, this time in 
conjunction with a lower load resistance. Here, the 
negative resistance introduces no complication; there 
is no alternative to P as the working point, and 
only one value of current (I p ) can cause the total 
voltage drop to be V 0 . 

Clearly, the situation changes from unstable to 
stable when the slope of the load line changes from 
greater to less than that of the valve at the point P. 
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Next, let us give our attention to Fig. 5, where the 
slope of the load line is less than that of the valve at 
P, just as in Fig. 4, but where nevertheless there are 
three alternative points, and the situation is presum¬ 
ably unstable, as in Fig. 3. Experiment confirms 
this. If in each case the arrangement is switched on 
in such a way as to start it at point P, with a V/I 
characteristic as in Fig. 4, it stays there, but in Fig. 5 
it flips across to Q or S the moment it is released. 
The point is—as T. Roddam pertinently asked—how 
does the circuit know, when it is set to point P, 
whether it is stable or unstable? If only the parts of 
Figs. 4 and 5 in the immediate neighbourhood of P 
are disclosed there is no difference whatsoever 
between the two diagrams. 

The Working Point’s Dilemma 

I thought this a remarkably intriguing problem. 
Unfortunately, Mr. Roddam had to hurry on to the 
kernel of his article, which was the negative impe¬ 
dance converter, and so it appeared that the working 
point has to find out whether to say at P or not by 
doing tricks with a piece of string around a stick. 
The explanation, like most conjurors’ explanations 
of how their tricks are done, left me wondering 
harder than ever; so, in case there were any other 
readers in the same state, I will offer my less elegant 
attempt to find the way. 

The first thing is that theoretically a simple com¬ 
bination of positive and negative resistance must stay 
at P either way. The reason is that the only pos¬ 
sible conditions are those represented in the diagrams 
by points common to both graphs—the valve curve 
and the load line. It is not possible to get from 
P to Q or S—or indeed anywhere—in such a way 
as to be on both graphs all the time. To move from 
P it would be necessary for the current or voltage 
or both to have two different values at the same 
place and the same time—which is absurd. 

A way out is to alter the circuit. And perhaps it 
is high time to see a practical circuit diagram instead 
of just having to imagine a negative resistance. After 
my recent expositions you may expect a transistor 
as example, but point-contact transistors, which are 
the main ones with inherent negative resistance, are 
well on the way out. And since there must be many 
people to whom transistors of any kind are still some¬ 
thing new and strange, I am first going back to the 
dynatron, which may seem a bit archaic to the 
younger readers, but at least is a valve. 



Fig. 6. Dynatron circuit for experimenting with the type 
of negative resistance graphed in Figs. 2-4. 


As Fig. 6 shows it is tetrode, but not of the 
modern “ kinkless ” variety in which negative resist¬ 
ance is deliberately ironed out; rather, an old- 
fashioned “screen-grid” tetrode. The screen grid 
is held at a normal voltage, say 100; and if the anode 
voltage is varied from 0 to 100 the anode current 
traces out a curve like Fig. 2. This may not have 
been recognized as a dynatron curve, even by the 
old-timers, because it has been drawn with the volt¬ 
age scale vertical instead of horizontal. The idea of 
departing from the usual custom was to follow Mr. 
Roddam in making slope represent resistance rather 
than conductance. 

The reason for the abnormal behaviour of anode 
current while the anode voltage is varied between 
about 10 and 90 is that the electrons reaching the 
anode from the cathode have been given a boost on 
the way by the relatively high screen-grid voltage. 
So when they hit the anode they do so with such 
violence that they knock out some of the 
electrons already there. These “ secondary ” elec¬ 
trons are easily gathered in by the high positive 
screen-grid voltage against the feeble competition of 
the anode voltage. The result is that the more the 
anode voltage is increased the more violent the bom¬ 
bardment and the greater the number of secondary 
electrons, which all subtract from the normal anode 
current. In fact, it is quite usual for the net anode 
current to become actually negative over a certain 
range of anode voltage. When the anode is made 
nearly as positive as the screen grid, however, the 
secondary electrons have little or no inducement to 
leave, and the anode resistance becomes positive again. 

One can—and usually does—produce one’s nega¬ 
tive resistance by means of positive feedback, but for 
the present purpose the dynatron has the great ad¬ 
vantage that its negative resistance is practically con¬ 
stant at all frequencies right down to zero, and the 
circuit is almost ideally free from complications. 

By choosing a suitable resistance for R, we can 
arrange that its line on the diagram cuts the valve 
anode characteristic curve in three places, as already 
discussed. And by joining a wire from the anode 
direct to a tap on the h.t. battery at the voltage of 
point P, we can bring the valve to that point. To 
make sure we are there, we can put a low-range 
milliammeter (mA in Fig. 6) in this wire and adjust 
the tap voltage until this meter reads zero. Seeing 
the wire is carrying no current, we might suppose 
that breaking the circuit would make no difference; 
but directly we do so, flip! —the current goes up or 
down, and we find it is at Q or S. How does it get 
over the hump in between? 

Hidden Component 

An explanation can be found in one of those “in¬ 
visible components”—the capacitance of the anode 
to other electrodes. Most of it would be to the 
screen grid, but, since there is a fixed voltage between 
that and earth, the same results so far as voltage 
changes are concerned are obtained if all the capaci¬ 
tance (C in Fig. 6) is regarded as direct to earth; and 
it is rather easier to see what is going on that way. 

However carefully we adjusted the voltage tapping, 
there would always be some current through that 
path when we opened the switch, if only as a result 
of the inevitable random fluctuations in circuits and 
valves. Suppose that just before breaking the meter 
(Continued on page 45) 
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TAPE RECORDER 



complete with WEARITE TAPE 


Ft running on record or play back, i 


if The total hum and noise at inches per 
second 50-12,000 c.p.s. unweighted is better 
than 50 dbs. 

if The meter fitted for reading signal level 
will also read bias voltage to enable a level 
response to be obtained under all circum¬ 
stances. A control is provided for bias adjust¬ 
ment to compensate low mains or ageing 

if A lower bias lifts the treble response and 
increases distortion. A high bias attenuates 
the treble and reduces distortion. The 
normal setting is inscribed for each in¬ 
strument 

if The distortion of the recording amplifier 
under recording conditions is too low to be 
accurately measured and is negligible. 
if A heavy mu-metal shielded microphone 
transformer is built in for 15-30 ohms 
balanced and screened line, and requires 
only 7 micro-volts approximately to fully 
load. This is equivalent to 20ft. from a 
ribbon microphone and the cable may be 
extended 440 yds. without appreciable loss. 
if The .5 megohm input is fully loaded by 
18 millivolts and is suitable for crystal 
P.U.s, microphone or radio inputs. 
if A power plug is provided for a radio feeder unit, etc. 
Variable bass and treble controls are fitted for control of 
the play back signal. 

if The power output is 3.5 watts heavily damped by negative 
feedback and an oval internal speaker is built in for monitoring 
purposes. 

gramophone amplifier separately or whilst recording is being made, 
'en with 1,750 ft. reels, with the lid closed. 



POWER SUPPLY UNIT to work from 12 volt Battery with an output of 230 v., 120 watts, 50 cycles 

within I %. Suppressed for use with Tape Recorder. PRICE £18 0 0. 


3-WAY MIXER AND PEAK PROGRAMME METER 


FOR RECORDING AND LARGE 
SOUND INSTALLATIONS. ETC. 

One milliwatt output on 600 ohm line (.775V) 
for an input of 30 micro-volts on 7.5-30 ohm 
balanced input. 

Output balanced or unbalanced by internal 
switch. The meter reading, is obtained by a 
valve voltmeter with I second time constant, 
which reads programme level, and responds to 
transient packs. 

Calibration in 2 db steps, to plus 12 db and 
minus 20 db referred to zero level. Special 
low field internal power pack supplies 8 
valves including stabilising and selenium 
rectifier, consumption 23 watts. 


Manufactured by 

VORTEXION LIMITED, 257-263, The Broadway, Wimbledon, London, S.W.19 

Telephones LIBerty 2814 and 6242-3 Telegrams: Vortexion, Wimble. London.” 
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Train for a wonderful future in 

ELECTRONICS... 


. . . witli E • 1VK . X 

Every day the demand for the expert in electronics grows. Radio, television, radar and the whole field of 
industrial automation are rapidly expanding and the trained specialist assures for himself a well-paid career 
in this quickly developing profession. Here is your opportunity to enter for:— 

TELECOMMUNICATIONS—Entrance standard G.C.E. Ordinary 
level or equivalent. This course trains Assistant Development Engineers to City and 
Guilds’ Full Technological Certificate level. Next course commences in September, 

1957. 

* IEB Full-time day course in the Principles and Practice of Radio and 

Television. Mainly designed for the training of Radio and Television Servicing 
Engineers. Next courses commence in May and September, 1957. 

THE E.M.I. COLLEGE OF ELECTRONICS 

Dept. 127, 10 Pembridge Square, London, W.2. Telephone: BAYswater 5131/2 

The College is part of the E.M.I. Group which includes “His Master’s Voice”, Marconiphone, E.M.I. Electronics Ltd. 






















Fig. 7. Explaining the role of C in Fig. 6 in the instability 
of that circuit. 


circuit there was a minute current flowing through it 
into the valve. The valve current would then be 
very slightly greater than through R; a condition 
represented rather exaggeratedly in Fig. 7 by points 
Pi and P 2 . The current through R would be I PI ; 
through the valve, I P2 ; and the difference would be 
coming via the meter circuit. When the switch was 
opened there would be a sudden call for current to 
bridge the I P ,-I P , gap. 

This is where C comes to the rescue. But it can 
deliver this current only at the expense of its own 
voltage. Its own voltage is the same as the anode 
voltage, so that begins to drop, and in so doing 
widens the gap between P, and P 2 . So more current 
is called for, and the gap widens more quickly. And 
so there is an accelerating movement towards Q. 
Directly P 2 gets past the “hump,” the call for 
current, and hence the rate of voltage drop, begins 
to decline; until finally, at Q, there is no gap and no 
further drop in voltage. 

With C of the order of lOpF, as it would normally 
be, the whole process is over in something like one 
microsecond, so it is difficult to follow by eye. This 
disadvantage can be overcome by augmenting C by 
a capacitor of say 16/<F. The slowed-down changes 
of current from.it and also via R can then be observed 
on suitable milliammeters when the switch is opened 
after initial setting to as near P as possible. If the 
error in setting to P is on the other side, the system 
makes for S instead of Q. 

Fair enough; but how about the original problem? 

. How does the system know, at the moment of open¬ 
ing the switch, that the valve curve doesn’t bend the 
other way, as in Fig. 8, which in the region of P is 
identical with Fig. 7? A rare fool it would look, 
after rushing madly down as before, to find that Q 
was non-existent and that the gap, instead of closing 
up, ever widened, while the scope for filling it by 
the voltage across C falling was strictly limited—and 
even reversed! 

It appears, however, that this trap would be sprung 
before the start. For directly we tried to set it to 
P by connecting the junction of R and the negative- 
resistance device direct to a source of V„, as we did 
in Fig. 6, we would be up against the fact that with 


this other sort of negative resistance there would be 
a Q and an S', to one of which the system would 
promptly go and stay. So our problem couldn’t 
actually arise. 

You may still feel, as I do, dissatisfied with this 
outcome, inescapable though it may be. It reminds 
one of the answer to the old problem of what would 
happen if an irresistible force encountered an im¬ 
movable object—that there are no such things. You 
would like to know, I am sure, whether there is some 
fundamental difference between the negative resist¬ 
ances in Figs. 7 and 8 which makes itself felt at or 
near P, without having to go farther along to see 
which way the curve ultimately bends, and even 
without having to remember what kinds of difficulties 
there may have been in getting to P to start with. 

An Odd Situation 

We seemed to go some way to solving this mystery 
when we recognized the existence of C. It provided 
a most satisfactory explanation of our experimental 
results with the dynatron (Figs. 6 and 7). But it 
also seems as if it would lead to an extremely em¬ 
barrassing situation if the negative-resistance slope 
happened to bend over the other way as in Fig. 8— 
a rapidly widening current gap to fill, and C at the 
end of its ability to supply it. 

The best thing to do when theory predicts an 
absurdity like this is to try it in practice. This is 
where the old point-contact transistor comes in 
useful. Thanks to Mr. Betteridge of the G.E.C. I 
was able to obtain an experimental specimen, which 



I I-- T 


Wireless World, January 1957 


Fig. 9. Point-transistor circuit for providing negative 
resistance of the Fig. 8 type. 
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I connected in the simple common-base circuit shown 
in Fig. 9. Unlike the more usual common-emitter 
circuit (and the common-cathode valve circuit) its 
polarities are such that a bias resistance (Rb) causes 
positive feedback. Because each milliamp change in 
emitter current causes more than one milliamp 
change in collector current, the voltage drop in the 
emitter circuit due to the emitter-to-base positive 
resistance is more than offset by the reverse voltage 
drop across Rb due to collector current. By varying 
R, the relationship between input voltage Vm 
(measured on a currentless valve voltmeter V) and 
input current I e was plotted, as in Fig. 10. Because 
the reverse drop across Rb was the main ingredient, 
Vin is wholly negative, but this doesn’t matter; the 
shape of the curve is clearly of the Fig. 5 and 8 
variety. 

In Fig. 10 the load line for the particular value of 
R corresponding to 0.85mA and 2.0V is shown, 
giving the working point P. There is no alternative 
intersection to flip over to, so not surprisingly (from 
that point of view) this setting proved to be quite 
stable. But what, you may ask, about stray capaci¬ 
tance? Seeing that around P the relationship 
between negative and positive resistances is the same 
as in Fig. 7, which we found to be unstable, how (yet 
again!) does the system know itself to be stable? 

One difference between the transistor circuit and 
the dynatron—besides the opposite curvature of the 
bends—is that the resistances are comparatively low, 
so very small capacitances have proportionately less 
effect; and another is that the amplification on which 
the transistor’s negative resistance depends falls off 
at moderately high frequencies. So just to be sure 
that there was enough to make the thing unstable 
and start it off on an impossible journey I connected 
300/<F across the input. 

There was no doubt about the effect. The circuit 
didn’t blow up, but all the meter pointers see-sawed 
violently to and fro! 

When I started, it was with the 
firm intention of arriving at a 
straightforward answer to the ques¬ 
tion. But the time is far spent, and 
so far from having cleared up that 
mystery we have unearthed another 
—what happens when the 300,«F 
capacitor charge reaches one of the 
bends and finds it can (theoretically) 
neither go on nor can turn back, but 
somehow in practice does keep on 
turning? 

Come to think of it, there is yet 
another. With the help of Fig. 7 
we saw theoretically how capaci¬ 
tance across the dynatron ensures 
instability when the series resistance 
is relatively high, by cumulatively 
widening the slightest current gap 


Fig. 10. Actual 
input charac¬ 
teristic of an ex¬ 
perimental circuit 
as in Fig. 9. 



between dynatron and resistance. When the experi¬ 
ment was made with an actual dynatron circuit, it 
behaved exactly as predicted by this theory. If now 
we consider in the same way the diagram for a tran¬ 
sistor with low resistance. Fig. 5, we find that the 
current into or out of a capacitance across the transis¬ 
tor necessitates a voltage change which drives the 
working point P, and P 2 towards P, which means that 
the circuit is stable. In attempting to confirm this 
by experiment I found it quite a tricky business get¬ 
ting the low-resistance circuit anywhere near P to 
start with, and the result was invariably the same: it 
ended up at Q or S. At no time did it show the 
slightest inclination to be stable. Why did experi¬ 
ment confirm the capacitance theory in a dynatron 
circuit and contradict it in a transistor circuit? 

It looks as if I shall have to get next month’s issue 
to find out! 


High-Remanence Tape 

A NEW grade of “ Scotch Boy ” magnetic recording 
tape has been introduced by the Minnesota Mining and 
Manufacturing Company which is of particular interest 
to high-quality enthusiasts. It is known as No. 120 and 
has a remanence of 0.9 lines compared with 0.6 lines 
for the No. Ill standard and No. 150 thin-based grades. 
The coercivity is 240 oersteds in all three cases. 

The advantages conferred by the new tape are three¬ 
fold. There is a 3-dB increase of sensitivity for a given 
input, the maximum input for a given distortion level 
(1% 3rd harmonic) can be increased by more than 
3 dB giving an overall gain at maximum of 6 to 8 dB, 
or, alternatively, the input can be reduced to a level 
which gives the same volume as would be obtained 
from No. Ill, but with harmonic distortion reduced 
by approximately 12 dB. 

Like the standard No. Ill tape, the new “High Out¬ 
put” grade is on 0.002-in cellulose acetate base and is 
available in four spool sizes between 600 and 2,400ft. 
The cost is about 10% higher than standard tape. 


Dates for Your “Wireless World” Diary 


ANNOUNCEMENTS have already been made of the 
dates of many of this year’s exhibitions and conventions, 
but for the convenience of readers we give below a list 
of the principal events in 1957. 
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\y “DIALLIST” 


I 

Do We Want Colour ? 

A QUESTION one is pretty well 
certain to be asked during any con¬ 
versation about television with non¬ 
technical folk is: When are we going 
to get colour TV? Or, the inquirer 
may put it in the more impatient 
form: When are we going to have 
colour TV? It was the same, one 
gathered, in the United States in the 
days when only the black-and-white 
picture was available. Everyone pro¬ 
fessed eagerness to have colour; but 
when it came along it was to prove 
just about the greatest flop in the 
history of American big business. 
Those who had seemed so ardently 
to desire it developed a sales resist¬ 
ance that even the most high-pres¬ 
sure salesmanship couldn’t break 
down. Some months ago it was 
estimated that there were possibly 
100,000 colour receivers in use in the 
whole length and breadth of the 
U.S.A.; but a recent investigation by 
an American magazine puts the total 
no higher than 75,000. It can hardly 
be the prices of such sets that have 
been the snag. These have been 
brought down from about $1,000 to 
the neighbourhood of $750 or so, and 
there must be plenty of Americans 
well able to afford that. One hears 
of coming models which are to be 
priced at $500 or less, but I doubt 
whether even they will get things 
really going. 

Still Too Complicated 

No, the trouble has been, and still 
is, that colour receivers are compli¬ 
cated boxes of tricks, needing con¬ 
stant adjustment. You can’t just sit 
at your ease and watch. You’ve got 
to be continually jumping up from 
your chair to twiddle knobs for the 
colours to remain anything like right. 
Nobody wants exasperating “enter¬ 
tainment ” of that sort, and I’m sure 
that if colour television using any 
system yet developed became a reality 
in this country it would flop here 
as monumentally as it has on the 
other side of the Atlantic. After all, 
the monochrome picture isn’t all that 
unsatisfactory, or there wouldn’t be 
well over 6,000,000 sets in use here, 
or some 34,000,000 (I t h ink that’s 
the figure) in the United States. I 
know I’d far rather have a good 
black-and-white picture and a set 
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seldom needing anything but to be 
switched on and off than a coloured 
one (rather crude and garish at the 
best of times) produced by a set 
which called for constant attention. 
Them’s my sentiments, anyhow; 
yours, of course, may be quite dif¬ 
ferent. 

Basic Inventions Needed 

The present position of colour 
seems to me to be comparable with 
that of monochrome television when 
Baird had developed it as far as the 
scanning disc and neon lamp stage. 
That had little or no entertainment 
value and sales were small. For 
colour to be a success basic new in¬ 
ventions are needed. The flat c.r. 
tube with its “ built-in ” frame 
screen now being developed by Dr. 
Gabor may be one of these, if, as 
one hopes, it comes up to expecta¬ 
tions when it reaches its final form. 
But others, too, are wanted if the 
colour receiver is ever to be as simple 
to operate as the monochrome and 
to be as suitable for use by the 
ordinary non-technical viewer. I’ve 
no doubt whatever that such in¬ 
ventions will be made; but when 
that’ll be no one can say. Hence, 
no one can even attempt to answer 
the question: When are we going to 
have colour TV? 


The Power of Suggestion 

Talking of colour television re¬ 
minds me that many people reported 
that they had seen colours on their 
black-and-white screens when the 
I.T.A. recently tried out a scheme 
of colour-by-suggestion. When I was 
last in London, shordy before this 
was written, two or three friends 
(whom I shouldn’t have thought 
prone to imagining things) were in 
no doubt whatsoever that they had 
received pictures with distinct traces 
of colour while watching the B.B.C.’s 
experimental colour transmissions. 
Perhaps if the powers-that-be suggest 
hard enough that our present “ penny 
plain ” transmissions are really “ tup¬ 
pence coloured” there’ll be no need 
to develop a genuine colour system! 

V.H.F. Catching On 

FROM what I hear in talks with 
people of all sorts and conditions, the 
v.h.f./f.m. broadcasting service seems 
to be gradually catching on, though 
it hasn’t yet become as popular as it 
deserves. I don’t think that quite 
enough publicity has been given to 
the freedom from interference and 
the silent background that can be 
given by a good v.h.f. receiver, pro¬ 
vided that it’s been properly in¬ 
stalled. And I think it a pity that 
more manufacturers remain uncon¬ 
vinced that there’s a big potential 





market for the press-button, or selec¬ 
tor-switch set, pre-tuned to the 
Home, Light and Third Programmes. 
Nor, again, has sufficient prominence 
been given to the much superior 
quality obtainable. In these days, 
when Hi-Fi is all the rage, one would 
have thought that first-rate v.h.f. sets 
would sell like hot cakes. I’m all for 
omitting the long- and medium-wave 
ranges altogether; but, as the Editor 
pointed out a month or two ago, the 
public generally insists on being able 
to receive commercial transmissions 
from the Continent. 

The Aerial Problem 

Some folk, too, don’t like the 
idea of adding yet another aerial to 
the not-very-beautiful arrays which 
already sprout from their roofs. Un¬ 
less you’re in a wireless shadow a 
simple dipole is all that is needed up 
to ranges of 45-50 miles at any rate. 
If your TV transmitter is vertically 
polarized such a dipole can often be 
fixed inconspicuously to the mast 
carrying the H, X, K or what not. In 
some areas where the television trans¬ 
missions are horizontally polarized 
the one aerial array may serve per¬ 
fectly well for both television and 
v.h.f. sound. I’m pretty sure that it 
vill in the Norwich area, for instance; 
out I haven’t yet been able to find 
out for certain, for at the time of 
writing we’re still eagerly awaiting 
the debut of Tacolneston as a v.h.f. 
broadcasting station. Another great 
help towards solving the aerial prob¬ 
lem, at shortish ranges anyhow, may 
be the use of built-in ferrite rods. 

A Spot of Bother 

ONE doesn’t envy the I.T.A. its job 
of trying to provide a good service in 
that TV spot of bother, the Sheffield 
area. Some parts of it lie in valleys; 
some are amongst the hills; many are 
heavily built up. But it’s such a 
populous and important place that 
the I.T.A. must feel compelled to do 
everything possible to give it a satis¬ 
factory commercial service. The 
B.B.C. is more fortunate, for the site 
of Holme Moss is higher and its car¬ 
riers lower than that of Emley Moor. 
Even so, there are many Channel 2 
black spots in and around Sheffield. 
On Channel 10 things are much more 
difficult, for its carriers are so much 
more liable to be blanketed by hills 
or tall buildings and to suffer the 
reflections which give rise to ghosts. 
It may be that Emley Moor’s aerial, 
1,250ft above sea level, and its 
200-kW e.r.p. won’t provide all the 
answers, and the only thing for some 
districts will be a “ piped ” service. 
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Microromeos 

LOVE is a delicate subject which 
I had always thought to be com¬ 
pletely outside the scope of this jour¬ 
nal, but the impact of modern tech¬ 
nology seems to have altered all that. 
Love seems well on the way to be¬ 
coming merely a specialized branch 
of electronics, and will, I suppose, 
eventually be measured in micro¬ 
romeos or microcasanovas. 

I have already referred to Dr. 
Grey Walter’s recent pronouncement 
that it would be possible to pick out 
people who would make compatible 
marriage partners by examining their 
encephalograms. 

Now we have Gerald Sykes speak¬ 
ing in the Third Programme on the 
subject of “Technology and Love.” 
Mr. Sykes is an American and there¬ 
fore would probably be more familiar 
with wolf whistles than with hetero¬ 
dyne whistles. It appears that, 
according to Mr. Sykes, to under¬ 
stand what love is we need to study 
the psychology of Freud and Jung, 
and this leads us rather away from 
electronics into the jungle of the 
“ id ” and the “ superego.” 

But we are brought sharply back 
to the electronic fold by the latest 
suggestion that the electronic com¬ 
puter can solve all problems of love 
and lead to happy marriages. 
Apparently all that is needed is to 
feed into a computer the necessary 
data about any budding Benedick 
and his Beatrice and it will decide 
whether or not they are suited to 
each other. 

I don’t think it will be nearly so 
simple as it is made out to be, for 
such a lot will depend on the ex¬ 
perts who have to decide what is 
the proper data the computer needs 
before it can make its calculations. 
Having decided on the data, the ex¬ 
perts then have to turn it into the 
special binary lingo of the ACE. 
Personally I would far sooner trust 
the old-fashioned “Aunty Gertie” 
who solves love’s problems in certain 
of the more romantic of our women’s 
magazines. 

I sincerely hope the day is far dis¬ 
tant when W.W. publishes some book 
like “ Second Thoughts on Love 
Theory,” by “ Cathode Ray.” 

Fiat Justitia 

WE hear of such extraordinary 
things being accomplished by elec¬ 
tronic computers that it surprises me 
that more attention has not been 
paid to them by the medical profes- 

Surely a machine could be 
designed which, when fed with the 
requisite numerical data concerning 
bodily temperature, blood pressure 


and so on, could make a swift calcu¬ 
lation and diagnose the complaint. 
At the same time it might indicate 
the correct antidote. 

Without doubt such a machine is 
a possibility of the future and I am 
very surprised that this doesn’t seem 
to be realized in medical circles. 
Maybe it is because doctors have 
a vested interest in keeping any form 
of mechanical medico off the market. 
Doctors would, however, always be 
wanted to feed accurate data to the 
machine. 

Another class of person which has 
neglected its possibilities is repre¬ 
sented by the various Mesdames 
Estelles who haunt our seaside piers 
and funfairs. An electronic prog¬ 
nosticator would not put them out 
of business. They would still be 
wanted to feed all the enquirer’s 
personal details to the machine to 
enable it to work out the positions 
of the planets and other heavenly 
bodies at the precise moment of 
birth. 

A most important potential field of 
operations for the computer is surely 
in our magisterial courts. We often 
read of the great divergence in the 
penalties imposed by different 
benches for the same offence. A 
wife beater, for instance,' who is 
arraigned before a bench of hard¬ 
bitten married men may incur little 
more than a mild “ tut-tut ” of 
reproof from the long-suffering 
chairman. If, however, he has the 
ill-luck to appear before a women 
stipendiary or a bench on which 
women predominate he can thank 
his lucky stars that the death penalty 
is ultra vires for magistrates. An 
electronic computer when fed with 


the correct data on the crime and 
the prisoner’s previous record would 
unerringly deliver a just and equit¬ 
able sentence. 

TV on Trains 

I WAS interested to read recently 
of the television demonstration given 
on two specially equipped excursion 
trains in Scotland. The programmes 
in each case came from the Guard’s 
van which had been turned into a 
small studio. No attempt was made 
to relay ordinary broadcast TV pro¬ 
grammes but the demonstration was 
none-the-less interesting as showing 
what we can expect in a few years’ 

It would not surprise me if TV 
eventually became available on all 
long-distance trains. Would it be 
possible to use the adjacent tele¬ 
graph wires for a carrier-current sys¬ 
tem? It would, of course, be rather 
like putting the cart before the horse 
to have TV on trains, as no serious 
attempt has yet been made in this 
country to provide ordinary sound 
programmes in our expresses; yet it 
has always seemed to me that it 
would be so easy to provide each 
passenger who wanted this service 
with a pair of headphones at an 
appropriate fee. A start could be 
made by having a disc jockey in the 
guard’s van of each train; real radio 
could come later. 

Another thing which is lacking in 
our trains, despite the electronic age 
in which we live, is means of making 
a telephone call. There has not even 
been an attempt to provide a tele¬ 
graphic service, and personally I have 
been compelled to follow the example 
of castaways on a 
desert island and en¬ 
close a message in a 
beer bottle obtained 
from the restaurant 
. This I have had 
throw out when 
passing through a 
station in the hope 
that some porter might 
pick it up, and usu- 
hoped 

The method is, 
however, primitive 
and I hope that this 
TV demonstr a t i o n 
will open the eyes of 
the British Railways’ 
authorities to the pos¬ 
sibilities of equipping 
trains with an up-to- 
date telegraph, tele¬ 
phone and television 
service. The profits 
might enable them to 
reduce fares. 
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Olympic Honour 
for Britain ... 


LEAK TL/12 Amplifiers were 
chosen for use at the Olympic Games. 


It was in 1945 that H. J. Leak revolutionised the performance stan¬ 
dards for audio amplifiers by designing the original “ Point One ” 
series, and we became the first firm in the world to market^mplifiers 

was received with incredulity, but it was subsequently confirmed 
by the National Physical Laboratory and since then hundreds of 
TL/12 amplifiers have been used by the B.B.C., and Commonwealth 
and foreign broadcasting authorities, and thousands have been used 
by recording studios, leading musicians and music-lovers throughout 

Further development work resulted in our producing, at a much 
lower price but with the same high performance standards, the 
TL/10 amplifier. The output of the TL/10 is ample for high 
fidelity home music systems, and the quality of reproduction 
obtained is equal in every respect to that of the TL/12. We always 
use the TL/10 amplifier and “ Point One ” pre-amplifier for our 
public demonstrations of high fidelity reproduction of gramophone 
records and radio. The TL/10 amplifier, when used with the best 

quality of reproduction unsurpassed by any equipment at any price. 
Even when the complementary equipment falls below that of the 
best obtainable the use of these amplifiers will enable one to obtain 






LEAK 




H. J. LEAK & CO. LTD., BRUNEL ROAD, WESTWAY FACTORY ESTATE, ACTON, W.3., ENGLAND 

Telephone: SHEpherds Bush 1173/4/5 Telegrams: Sinusoidal, Ealux, London Cables: Sinusoidal, London 
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To those striving for perfect sound reproduction, the new BTH 
KIOA SPEAKER is an essential component. Designed to meet 
an exceptionally exacting specification, the unit is now available 
with or without cabinet to the keen enthusiast. 

The equipment comprises an 18-inch cone for low frequencies, 
with a co-axial pressure-type unit and horn for high frequencies, 
and is complete with cross-over network. 

The matching impedance is 15 ohms; 
thecross-overfrequencyis 1700c.p.s.; 
and the total weight of unit and filter 
is 38 lbs. 


BRITISH THOMSON-HOUSTON 

H THOMSON-HOUSTON COMPANY LIMITED * RUGE 




THE SPECIALISTS IN QUALITY EQUIPMENT 


TL/10andPOINT ONE PRE-AMPLIFIER 
VARISLOPE PRE - AMPLIFIER 
F.M. TUNER, DYNAMIC PICK-UP etc. 

Lowther • Chapman Tuners 
Wharfedale • Goodmans • Kelly Loudspeakers 
Connoisseur • Garrard • Collaro 
Transcription Motors, etc. 

All the above—in fact all QUALITY EQUIPMENT is available 
on EASY TERMS. Immediate delivery on most items. 

SMALL DEPOSIT secures, balance plus 5% interest 
payable in 9 equal monthly instalments 
or 

50% DEPOSIT and balance plus 10% interest payable over 
18 months or 24 months if required. 

We pay carriage and cratage on all items. 

Send us your requirements. We will quote by return. 

The L - R - SUPPLY COMPANY, LTD. 

BALCOMBE (Tel: 254) SUSSEX. 



RCA TRANSMITTERS. Type ET-4336. < 


. Can be s 


its. Unu: 


y Converi 


COLLIN’S T.C.S. 6, 9, 
alTCoupl Ing*" U n i t.^M 
MULTI-CHANNEL TRANSMITTER T-4/FRC, w 

'ators MD-I/FRC, 2 Mc/s to 18 Mc/s. Each channel 400 
N. S. No. 19 & 22. Both complete with instal 


40 Line F & F TELEPHONE SWITCHBOARDS (complete 


A.R.88Ds, AR88 L 


PETROL GENERATOR Type P.E. 95 G (10 k. 


S P A R ES ET4336. S SCR6?0, ^E^Tetep 

ters type 7B. 

TX VALVES 805, 807, 813, 861, 66A, I00TH, 


SCR399 (BC6I0). 


P.C.A. RADIO 

Offices and Works 

BEAVOR LANE, HAMMERSMITH, LONDON, W.6 

Telephone: RIV 8006/7 
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For the past 20 years, W. Bryan Savage Ltd. has specialised 
in a wide range of high power amplifiers for use in various 
branches of industry. This experience has been more 
recently successful in the wide and varied field of fatigue 
testing. 

TYPE 10 10 KILOWATT AMPLIFIER 

This is the latest addition to the Savage range of amplifiers 
—it is suitable for driving the Goodman Vibrator VG108 
or VG109 and the American MB C25H. 

OUTPUT: 10 kVA when Power Factor of load exceeds 0.8. 

OUTPUT VOLTAGES: From 41i V to 330 V. 

FREQUENCY RANGE: 40 c/s-10,000 c/s at 10 kW. 30c/s-6.5kW. 

20 c/s.-2.5 kW. 

HARMONIC DISTORTION: Less than 3% at 10 kW at 1 kc/s. 
SENSITIVITY: 160 mA at 600 ohm for 10 kW output. 

OUTPUT VOLTAGE REGULATION: 33%. 

NOISE: 70 dB below 10 kW. 

MAINS SUPPLY: 350-450 volts 50 c/s. 3 phase. 



FOR FATIGUE TESTING 






TYPE V 1000 — This vibrator is designed to produce a 
peak alternating thrust of ± 500 lbs. (unblown) at 1 kW. 
A forced draught into the vents provided in the base will 
allow increased input current for a correspondingly 
increased thrust. Unit construction has been adopted and 
careful attention to detail has produced a vibrator that can 
quickly and easily be stripped and reassembled should 
repairs become necessary—the design is such that no 
routine maintenance is required. 


17, STRATTON STREET, LONDON, W.l 


Telephone: GROsvenor 1926 
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RUDMAN DARLINGTON (ELECTRONICS) LTD 

Wednesfield, Staffs. Tel; Wolverhampton 31704 



-—POLYTHENE*- 

INSULATORS, END CAPS, PLUGS, ETC. 

TV. AERIALS 

Standard Articles or Special Mouldings 

AMPLEX APPLIANCES (KENT) LTD. 

I? DARTMOUTH ROAD, HAYES, BROMLEY, KENT 

(RAVensbourne 5531) 

All export enquiries to 

ANTEX LTD., 3 TOWER HILL, LONDON, E.C.3 


TELEVISION AERIAL COMPONENTS 

DESIGNED FOR CONSTRUCTING BAND I & BAND III T.V. AERIALS 
ELEMENT DIMENSIONS SUPPLIED FOR ALL CHANNELS 


Selecting at random from ou 

★ Band III Folded Dipoles (As illustrated) 

★ Reflector and director rod holders 

★ Masthead Fittings for I", l£" 

and 2" Masts 

Send //- P.0. for the revised, 

FRINCEVISION LTD., M a 


new multi-page catalogue i 

★ Mast Coupling units for 2’ Masts 

★ Insulators, both Rubber and Plastic 

(As illustrated) 

★ Alloy Tubing for Elements, Cross¬ 

boom and Masting 
fully illustrated catalogue to: 

rlborough, Wilts. Phone 657/8 
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EALISM 


OVER THE 9 OCTAVE RANGE 

Here is a simple unit to give life-like 
reproduction of any type of sound over 
9 octaves—including the entire musi¬ 
cal fundamental range with overtones. 
Home constructors will delight in the 
true tonal quality, the unequalled 
transient and low frequency response 
and the negligible inter-modulation of* 
the G.E.C. Metal Cone Loudspeaker. 

METAL CONE LOUDSPEAKER £9.5.0 

TAX PAID 


Ills PRESENCE 


WITH ADDED LIFT TO THE MEDIUM 
UPPER REGISTER 

Taking advantage of the exceptional 
bass performance and smooth res¬ 
ponse of the metal cone loudspeaker, 
this unit adds “presence” to the re¬ 
production of music—brings the 
sound right into the room with you. 
Specially designed as an accessory to 
the loudspeaker, it’s a music lover’s 
“must”. 


PRESENCE UNIT FOR USE WITH £3 19.6 
THE METAL CONE LOUDSPEAKER tax free 


WRITE TODAY FOR DETAILS 

THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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TELCON CELLULAR POLYTHENE 
INSULATED DOWNLEADS 


This range of 75 ohm coaxials has been especially designed for 
the reception of Band II (FM sound 87.5 - 100 Mc/s.) and Band III 
(Television 174-216 Mc/s.) 


Dimensions (inches) 

Centre Conductor . . 

Over Cellular telcothene . 
Over Wire Braid .... 
Over telcovin Sheath . . 


Please ask for a copy of Publication TV5 


TELCON 


CABLES 


MAINS 

TRANSFORMERS 


50-0-250 v. 80 m/a., 0-4-6.3 v. 4 a., 0-4-5 v 2 a. .. 
50-0-350 v. 80 m/a., 0-4-6.3 v. 4 a., 0-4-5 v. 2 a .. 

250-0-250 v. v?3*a?,*5 v. 2 a. (Midg< 

250-0-250 v. 60 m/a., 6.3 v. 3 a., 6.3 v. 2 a (Mi 
25-0-425 v. 200 m/a., 6.3 v. 4 a., C.T., 6.3 v. 4 a. 

FSI SOX. 350-0-350 v. 150 m/a., 6.3 v. 2 a. C.T., 6.3 v 

C.T., 5 v 3 a. 

FILAMENT TRANSFORMERS 

Primary 230 v F3X 6.3 v. at 1.5 amps... 

Primaries 200/250 v 

F12X. 12 v. I a , 7/9. FI2. 0-6.3-12.6 v. 3 a. 

F24. 0-12-24 v. 3 a. 

F34. 0-4-9-15-24 v. 3 a..£>>.;.... 

C.W.O. Postage 1/3 extra under 10/- 1/9 extra 


2/9 e: 


*r £3. 




H. ASHWORTH (Dept. W.W), 
676, Gt. Horton Road, Bradford 7, Yorks. 


THEWORLD’S GREATEST BOOKSHOP 



i** ♦ P= O R- POOK.S-** 

FOR ALL YOUR 

Technical Hanks 




Gerrard;660 (20 lines)*Open 9 -6 ( Thws. 9 - 7 ) 

































January, 1957 


Wireless World 


119 



Something to be proud of... 

Therp is much more in a tape recorder than just circuitry. 
Try a TK8 out, and you’ll agree that anybody could be 
proud of it ! 


Just take < 

Mains Voltages: 
Consumption: 

Fuses: 

Recording Level Indicator: 

Tape Speed! UtPUt ’ 
Frequency Response: 

Recording Sense: 

Maximum Tape Length: 

Fast Forward/Fast Rewind 
Automatic Stop Switch: 


look at the specification .. • 


Suitable for A.C. only, 105-115, 190-210, 210-230, 
230-250 volts, 50 c/s. 

Approximately 60 watts (rising to 118 watts when 
Fast Winding). 



The ®33BDI TK8-3D — for Price & Performance 

GRUNDIG (GREAT BRITAIN) LIMITED 

Advertising Dept. & Showrooms: 39/41 NEW OXFORD ST., LONDON, W.C. I 
Trade enquiries to.—KIDBROOKE PARK ROAD, LONDON, S.E.3. 
(Electronics Division, Gas Purification & Chemical Co. Ltd.) GI2 


WEYRAD 

IF TRANSFORMERS AND RATIO DETECTORS 
FOR AM AND FM. 

TYPE P.23/1R 

COMBINED AM/FM TRANSFORMERS 470 KC/S AND 10.7 MC/S. AM BAND¬ 
WIDTH 8 KC/S AT —3DB. FM BANDWIDTH 200 KC/S AT —1.5 DB. 

TYPE P.23/2R 

COMBINED AM I.F. TRANSFORMER AND FM RATIO DETECTOR. THE 
R/D PROVIDES A PEAK-TO-PEAK BANDWIDTH OF 340 KC/S WHICH IS 
LINEAR OVER 220 KC/S. 

BOTH ASSEMBLIES ARE MOUNTED IN SCREENING CANS SIZE I x If x 2fin. 
THE TRANSFORMERS ARE DESIGNED FOR USE WITH EF89 AND EABC80 
VALVES OR THEIR EQUIVALENTS. THE P.23/1 AND P.23/2 CAN BE 
EMPLOYED WITH FRONT-END TUNERS INCORPORATING THE FIRST 
I.F. STAGE, ALTERNATIVELY WEYRAD P.22/4 FM I.F. TRANSFORMER CAN 
BE USED. 

THESE COMPONENTS ARE USED IN OUR AM/FM RECEIVER-CONSTRUCTIONAL 
CATALOGUE OF INDIVIDUAL COMPONENTS 6d. BOOKLET 2/6. 

WEYMOUTH RADIO MANUFACTURING CO., LTD., 

CRESCENT STREET, WEYMOUTH, DORSET. 
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Products for* the 

ELECTRONIC INDUSTRY 

HIGH FREQUENCY 
GABLES 



BROADCAST, RELAY & 
f a. DISTRIBUTION CABLES 

B mmmim 



HyERKALITE 


Head Office & Cable Div.- 


BAND III CHANNELS 8-9-10 

A new CONVERTOR KIT is now available for 

LONDON —MIDLANDS—NORTH 

Fit this new convertor not to your set but 
inside your set, even 9in. table models, and 
retain that professional look. 

This convertor has been evolved since the - I.T.A. 
transmission began, and is based upon experience 
gained in the conversion of very many Band I sets in 
the London area. 


CONVERTOR wi 


KNOBS each . 

CIRCUIT and instructions in del 

BAND III AERIALS (send for li 
CROSS-OVER UNITS—Outdi 
AERAXIAL feeder cable per yar 


C. & G. KITS 

285, LOWER ADDISCOMBE ROAD, 
ADDISCOMBE, CROYDON, SURREY 

Phone: ADDiscombe 5262 


We want to buy:- 


BC 312, BC 342, 

BC348R 

AND 


BC 610 


ALTHUM RAB 

>IO CO., 

Jersey House, Jersey St., r 

Manchester, 4. 

Telephone: Central 78 





TRANSFORMERS 

COILS LARGE OR SMALL QUANTITIES 
CHOKES TRADE EN Q UIRIES WELCOMED 
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THE SUPEREX “55” 

BATTERY PORTABLE 


SUPERIOR BUREAU 


RECORD PLAYERS. Latest four s 
■ single play units by Collaro, BSR 

HIGH FIDELITY AMPLIFIERS. 


of the high-quality amplifiers and pre-amirs' 

QUAD, ARMSTRONG, GRAMPIAN and WHITELEY; 
also home construction kits suitable for OSRAM 912 and 
MULLARD 510. 


BUILDING COST 

£7.15.0 

plus 4 /- carriage 


WHITELEY? 6 WHAR^e'dALE,' G.E.c" 


^GOODMANS? 
ELAC. 


SHOP OPEN: 9 < 
to Saturday; 





reliability 


VMS 


Igranic Plugs and Jacks have always 
had a justifiable reputation for 
dependability. For radio, television, 
office appliances and the hundred and 
one industrial plug-in applications 
demand has hitherto outstripped supply. 
NOW, with increased production 
facilities, Igranic Plugs and Jacks are 
available again for manufacturers to 
whom only the best is good enough. 


delivery 


Type P 40 Plug 

Moulded bakelite. Nickel 
plated metal parts. Especi¬ 
ally suitable for extension 
speakers, headphones and 
similar application. 


IGRANIC ELEGTRIG COMPANY LIMITED 


HEAD OFFICE & WORKS BEDFORD 


Midget Jack. P 73 

Moulded bakelite. Suitable 
for switching-in high fre¬ 
quency circuits. Capacity 
between springs eliminated. 
Silver contacts, one hole 
fixing, perfect contact. 


Type P 50 Plug 

Cylindrical bakelite case. 
Nickel plated metal parts. 
Ideal for amplifiers and 
other applications where 
concentric cable is used. 


London and Export Office VICTORIA STATION HOUSE 191 VICTORIA STREET LONDON SWI GRAMS IGRANIC LONDON 
Branch Offices BIRMINGHAM BRISTOL CARDIFF EASTANGLIA GLASGOW LEEDS MANCHESTER NEWCASTLE SHEFFIELD 
A METAL INDUSTRIES GROUP COMPANY 


IG/52/P2843 
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OSMOR 


BAND I! 


CONVERTERS 


it Band 


Iy Band I Channel A.C. 


sets (including TRF). 

uu.iu. o„i convert any Band III Channel to : 
construct^" C I 41 * 2i x 3in ' Circuits ' Wi 

Complete Kit 65/-. Completely Wired 80/- 

SWITCH-TUNED F.M. TUNER. Complect 
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Connoisseur 3 SPEED MOTOR 

The turntable with a 4% variation on all three speeds. 


The Connoisseur motor is made for the per¬ 
fectionist. It is one of the finest turntables in the 

The speed change is arranged mechanically and 
gives a 4 per cent variation on all speeds. A 
synchronous motor, which is virtually vibrationless 
with low noise level and hum induction, maintains 
a constant speed at all settings. There is no 
braking action to obtain speed change. 

The I2in. turntable is lathe turned in non-ferrous metal. The 
main spindle, which is precision ground and lapped to mirror 
finish, runs in phosphor bronze bearings. 





n 20-20,000 c> 


Price £20, plus P. Tax £8/11/-. 


A. R. SUGDEN & CO. (engineers) LTD. 

WELL GREEN LANE, BRIGHOUSE, YORKSHIRE. Phone: Halifax 69169. Grams: Connoiseur, Brighouse. 


OVERSEAS AGENTS: 

SOUTH AFRICA: W. L. Proctor (Pty.) Ltd., 63, Strand Street, Cape 
Town. CANADA: The Astral Electric Co. Ltd., 44, Danforth Road, 
Toronto 13, Ontario. NEW ZEALAND: Turnbull & Jones Ltd., 
Head Office, 12/14, Courtenay Place, Wellington. HONG KONG: 
The Radio People Ltd., 31, Nathan Road, Hong Kong. 


MAIN DISTRIBUTORS: 

AUSTRALIA: British Merchandising Pty. Ltd., 183, Pitt Street, 
Sydney, and J. H. Magrath (Pty.) Ltd., 208, Little Lonsdale Street, 
Melbourne. EAST AFRICA: International Aeradio (East Africa) Ltd., 
P.O. Box 3133, Nairobi. MALAYA: Eastland Trading Co., 1, Prince 
Street, Singapore. 


-MODERN ELECTRICS 

164 Charing Cross Road, London, W.C.2. 


LTD.- 

Tel.: TEMple Bar 7587. 

Covent Gdn. 1703. 

Cables: Modcharex, London. 


TAPE RECORDERS 

GRUNDIG TK5 . 46 gns. 

GRUNDIG TK8 . 72 gns. 

GRUNDIG TK820/3D 98 gns. 

SIMON. 75 gns. 

FERROGRAPH 2A/N 76 gns. 
FERROGRAPH 2AN/H 

86 gns. 

VORTEXION 2A. 80 gns. 

VORTEXICN 2B. £99 

BRENELL 3 SPEED 48 gns. 
ELIZABETHAN ... 65 gns. 


GARRARD AUTO UNITS 

RC98 4 speed . £19 17 

RC88 4 speed . £17 18 

RCI2ID 4 speed . £13 13 


TRANSCRIPTION UNITS 

Connoisseur . £28 II 0 

Garrard 301 . £26 8 3 

Lenco . £17 10 4 


SPEAKERS 
W.B. STENTORIAN 

HF8I6 . £6 17 

T8I6 . £6 10 

HF8I2 . £4 3 

HF9I2 . £4 8 


HFI0I2 Universal coil £4 19 9 


FERROGRAPH 
GRUNDIG BASF 
SCOTCH BOY 


GEVAERT 35/- 

PU RETONE 20/- 

SCOTCH BOY, EMI, BASF, LONG 


TAPE DECKS 

WEARITE . £35 0 0 

COLLARO Transcriptor £20 0 0 


GOODMANS 

Axiom 150 Mk. II ... £10 

Axiom 22.;. £15 

Axiette . £6 

WHARFEDALE 

WI5CS . £17 

Super I2CS/AL.... £17 

WI2/CS .. £10 

Golden 10 CSB . £8 

Super 8CS/AL . £7 

Super 3. £7 

Bronze lOin. £4 
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TEST EQUIPMENT 

AVO 

Model 8 £23 10 0 

Model 7 (latest) . £19 10 0 

Electronic Meter£40 0 0 
Wide Band Sig/Gen. £30 0 0 
Valve Characteristic 

Meter Mk III . £75 0 0 

DC. Minor . £5 5 0 

lOkV Multiplier for 

Model 8 £3 5 0 

Carrying Cases for 

Models 7, 8 and 40 £3 0 0 

ADVANCE 

E.2 (sfgf/Gen?)!..!!!!!! £32 10 0 

P.l . £22 5 0 


MICROPHONES 

ACOS 

22 (Crystal) . £4 


LEAK AMPLIFIERS 


COSSOR 

Oscilloscope 1035 ...£120 0 0 
Oscilloscope 1052 ...£104 0 0 
Volt: Calibrator 1433 £18 5 0 


TAYLOR 

All new Taylor Test Gear in 


PICKUPS AND PLAYERS 

ACOS, DECCA, COLLARO 
CONNOISSEUR. LEAK, FER¬ 
RANTI. B.J., GARRARD 
PHILIPS. 



ALL GARRARD, CON¬ 
NOISSEUR, DECCA and 
COLLARO HEADS. 
SAPPHIRE and DIAMOND 
STYLI lor the above HEADS 
NOW AVAILABLE. 
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R.S.C. BATTERY CHARGING 



ASSEMBLED CHARGERS 


12 v. 4 amps. . . 56/9 

eadyforuse. Carr. 2/9. 

;avy duty kit 


200/250 v. 50 c/s. Outputs 
15 amp. twice. Consist! 
Mains Trans. 2 Metal ! 
tifiers. 2 Meters. 4 Fuse: 
Terminals. 2 Rheostats 


EQUIPMENT 

BATTERY CHARGER KITS 

Consisting of Mains Trans¬ 
former, F.W. Bridge, Metal 
Rectifier, well ventilated steel 
case. Fuses, Fuse-holders, 
Grommets, panels and circuit. 
Carr. 2/6 extra. 


BATTERY* CHARGER SR 

Consisting of F.W. Bridge 
Rectifier 6/12 v. 5 a. Mains 
Trans., 9-9-15 v. 6 a. output. 



SELENIUM RECTIFIERS 


F.W. Bridge Types 


CORE FLEX. Henleys circular rub 
' lead colour coded. 1/6 yd. 


DIAL BULBS, M.E.S., 8 v. 


ELECTROLYTICS < 


16mF 350 v. . . 2/3 

16/rF 450 v. .. 2/9 

16/zF 500 v. .. 3/9 

8-16/xF 500 v. 4/11 
25jzF 25 v. .. 1/3 

50jzF 12 v. .. 1/3 

50 mfd. 25 v... 1/9 

50/xF 50 v. .. 1/9 

100 mfd. 12 v. 1/9 

100 mfd. 25 v. 2/3 

6,000 mfd. 6 v. 3/11 


16-16/xF 450 v. : 
32-32/xF 350 v. 
32-32 mF 450 v. 


100-200 mfd. 


Many c 


mfd. 400 v. plus 2 mfd, 250 v. 


-8 mfd. 500 v. 5/11 


GOVT. VALVES. VR137, EA50, EB34, 
lid.; SP61 2/3; 4SHA 1/3; EL32 3/9; VS110 
1/11; KT44 4/9; 6J5 3/9; 6V6G, 5U4G 5/9; 
6K7G, 2/11; 35Z4, 6X4 5/9; E.ZSO, EF80 


EX GOVT. UNITS, type RDF1 in original 
tons with 14 valves including 5Z4G, 
., L.F. choke. Rectifier, etc., etc. We 


really exceptional 


THE SKY FOURT.R.F. RECEIVER 



specially designed for simplicity in wirinj 
Sensitivity and quality is well up to standarc 
Point-to-Point wiring diagrams, instructior 
and parts list, 1/9. This receiver can be bui 
for a maximum of £4/19/6 including cabine 


EX GOVT. MAINS TRANSFORMERS 

All 230 v. 50 c/s. input 

120-0-120 v. 40 mA. 5/9 

300-0-300 v. 150 mA., 4 v. 3 a. 9/9 

250-0-250 v. 80 mA., 6.3 v. 3 a., 6.3 v. 1 a. 

Potted 4*-3±-3in. 11/9 

460 v. 200 mA., 6.3 v. 5 a. '»'* /Q 

MANUFACTURERS SURPLUS 


7. 3 a., 33/9. Clamped type 3: 
100 mA., 6.3 v. 3.5 a., 5 v. 

__ 19/9. 230-0-230 v. 60 . 

,3 v. 2.5 a. Midget, 2\ x3 x2£in. app 


EX GOVT. SMOOTHING CHOKES 

250 mA., 5 H., 50 ohms . 12/S 

250 mA., 3 H., 5q ohms . 8/S 

150 mA., 10 H., 50 ohms . 10/1] 

150 mA., 6-10 H., 1 


SPECIAL OFFERS. Small 2 gang 
variables .0005 mfd., 4/9. 8-8 mfd., 450 v. 
Electrolytics (midget) in lots of six, 1/6 ea. 
32-32-32 mfd. 250 v. 2\ x lfins. In lots 
of six, 2/3 ea. 


MNS CONVERSION UNITS 



MAINS ENERGISED SPEAKERS K 


Type BM2. Siz 


2iin. 




oothed. 


battery porta 

This includes latest 1< 
consumption types. Comple 
kit with diagrams 39/9, 
ready for use, 46/9. 


MINIATURE MOTORS. 24/28 v. D C. or A.C. Size o 
2\ x I sins. Spindle liins. long, iin. diam. Made by Hoo 
Ltd., Canada. Puce only 9/11. 

VIBRATORS. Oak 2 v. 7 pin. synchronous, 7/9. 


-0.4 a. to 1 amp. fully smoothed. 
THEREBY COMPLETELY RE¬ 
PLACING BOTH H.T. BAT¬ 
TERIES AND L.T. 2v. ACCUMU¬ 
LATORS when connected to 
A.C. mains supply 200-250 v. 
50 c/s. SUITABLE FOR 
ALL BATTERY RECEIV¬ 
ERS normally using 2 v. 
accumulator. Complete kit 

49/9 or ready foruse 59 
.V. CABINETS. For 15, 


r 17in. 


tube. Table 


R.S.C TRANSFORMERS 

FULLY GUARANTEED. INTERLEAVED AND IMPREGNATED 

FILAMENT TRANSFORMERS 

Primaries 200-250 v. 50 cl 


UPRIGHT MOUNTING 


300-0-300 v. 100 m 


1 a., suitable for Milliard 510 
350-0-350 v. 100 mA., 6.3 v.-4 v 


TOP SHROUDED DROP-THROUGH TYPE 

260-0-260 v. 70 mA., 6.3 v. 2 a., 5 v. 2 a. 16/ 

350-0-350 v. 80 mA., 6.3 v. 2 a., 5 v. 2 a. 18/ 

250-0-250 v. 100 mA., 6.3 v. 4 a., 5 v. 3 a. 22/ 

300-0-300 v. 100 mA., 6.3 v.-4 v. 4 a., 

c.t., 0-4-5 v. 3 a.. 23/ 

350-0-350 v. 100 mA.,6.3 v. 4a., c.t.,5v. 3a. 22/ 

350-0-350 v. 100 mA., 6.3 v.-4 v. 4 a. 


350-0-350 v. 150 mA., 6.3 v. 4 a., 5 v. 3 a. 
E.H.T. TRANSFORMERS, 2,500 v. 
* “ A ~ " ’ ’ i., 2-0-2 v. ’ ' 


5 mA., 2-0-2 v. i.i a., z-u-z v. i.i a., 
for VCR97, VCR517. 36/6 


5/9 0-2-4-5-6.3 


CHARGER TRANSFORMERS 

AH with 200-230-250 v. 50 c/s. 

H a., 11/9; 0-9-15 v. 3 
- 3 a., 17/9; 0-9-15 v. 5 
23/9. 


0-3.5-9-17 v. 3 a, 


ELIMINATOR TRANSFORMERS 

Primaries 200-250 v. 50 c/s. 

120 v. 40 mA., 5-0-5 v. 1 a. 

90 v. 15 mA., 6-0-6 v., 250 mA. 


Small Pentode 5,0000 to 30 . a/y 

Standard Pentode, 5,0000 to 30. 4/9 

Standard Pentode, 8,0000 to 30. 4/9 

Multi-ratio 40 mA. 30:1, 45:1, 60:1, 

90:1, Class B Push-Pull. 5/6 

Push-Pull 8 Watts 6V6 to 5 ohms. 8/9 

Push-Pull 10-12 Watts 6V6 to 30 or 150 15/9 

Push-Pull 10-12 Watts to match 6V6 to 

3-5-8 or 150 . 16/9 

Push-Pull 15-18 Watts, sectionally wound, 

6L6, KT66, etc., to 3 or 15 ohms .... 21/9 

Push-Pull 20 Watt high-quality section- 

ally wound, 6L6, KT66, etc., to 3 or 150 47/9 


3/6 


7-10 H., 250 ohms .. 
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IF YOU HAVE YOUR OWN CABINET WE WILL SUPPLY.. . 

THE BRENELL TAPE ^ 


^ £ 36 ' 0'0 

m 


TAPE RECORDER EQUIPMENT-IN STOCK ... 





a correctly MATCffl ffl U VMtomi* 



Pr ‘ M £18/18/0 £SRJS — 

SSSSflrS 





SSSsSS-««s 


o Pen =^T^rrr^r ^ 

stern, RADIO 
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HIGH FIDELITY 

FOR THE 

HOME CONSTRUCTOR 



—COMPLETE KITS OF PARTS FOR THE Hi-Fi" ENTHUSIAST— 






SPECIAL PRICE REDUCTIONS ... FOR PURCHASERS OF A COMPLETE "Hi-Fi" AMPLIFIER 

"MODERNISE YOUR OLD RADIOGRAM" IT 'this way 
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RADIO • TELEVISION HI-FI ELECTRONICS • RECORDERS 


3-SPEED AUTO-CHANGERS 

BRAND NEW IN MAKERS’ CARTONS 



GARRARD RC.120/H. 3 speed. 

Complete with t.o. crystal pick-up. 

enabling records to be played singly 
if desired. Cabinet space required: 
14 x I2h x 4fin. above and 2$in * * 
Cream/brown finish. Limited numoer 
only. List £12/15/-. .n e 

LASKY’S PRICE 311.1 3.0 
Carr. 3/6. Cabinets 



SEND 3d. STAMP FOR OUR LATEST BARGAIN 


MORE MONEY-SAVING LASKY BARGAINS ON NEXT PAGE 
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C SAVE POUNDS! ORDER BY POST IF YOU CANNOT CALL 


'■ Carr. & Pkg. 25/-. 


AM/FM TUNER 

er-sensitive Tuner for F.M. i 
n waves. The complete pai 
ower supplies, £13/19/6. Post 


10LD11, 10P14, U404 o 
LASKY’S PRICE 


52/6 


12 CHANNEL TUNERS 

cSSe^h vaJveJ 8 E^S^and^CCH 

50-87° U Mc/s. 2 and Mc/lT^'s^ali 

SeSC/ae” 8 79/6 


BAND III CONVERTORS 
BELOW HALF-PRICE! 

COMPLETE WITH POWER 
SUPPLIES 

id new, manufactured by 
of the well-known Pye 
ip. In attractive plastic 
complete with three brand 
Milliard valves: Cascode 
R.F. Amp. PCC84, Osc. Mixer 
ECC81, Rectifier EZ90. Not 
a kit but complete with valves, 
ready for use. Original list price 

LASKY’S PRICE 

T' 9 ^ Post r 


LASKY’S RADIO 
CONSTRUCTOR PARCELS 


NEW PLASTIC 
RECORDING TAPE 

“ Ferrovoice,” on plastic 
spool, 1,200ft. Listed at 
32/6. 

LASKY’S PRICE 95/- 
Post 1/-. 

Spare 7in. spools, 3/6. 


A REALLY FIRST CLASS 
F.M. TUNER 

FOR HOME CONSTRUCTION 
ON A PRINTED CIRCUIT 


and R.F. amplifiers are extremely 
ten^onTllmn 8 ^ 168 tS C 

R.F. Amplifier, Z719 or EF80. 
Mixer and Osc., B719 or ECC85. 
1st I.F. amp., W719 or EF85. 

2nd I.F. amp., W719 or EF85". 

2 Germanium Diodes GEX.34. 
Driver Limiter, Z719 or EF80. 
CAN BE BUILT FOR O rw 
(IncludingValves) O GN 
Write for full instructions data 
illustrations, 2/6 post free. 

All parts available separately 


MORE MONEY-SAVING LASKY BARGAINS ON NEXT PAGE 
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EVERYTHING FOR HOME CONSTRUCTOR & SERVICEMAN 


MAINS TRANSFORMERS 


6-VALVE RADIOGRAM 
CHASSIS COMPLETE 
WITH VALVES 


16" METAL CONE CRT. 
AT ENORMOUS SAVING! 



BRAND NEW AND PERFECT 

t to big picture television at a pr___ 
you can afford. Note especially that thf 
are not “seconds” but perfect tubes withe 
fault, and supplied in original cartons. Br 

E.H.T., wide angle 70 deg.’ standard’ 38 m 

:k, duodecal T- -- - * ’ 

i-ngth 17ftir 
^ T TAR^ 


la$ky§] 


. Gives large 11 x 14 fin. 


^RANTEED BY US FOR 3 MONTHS. 
?ull data, connections and suggested time bases supplied with 

listed at £23.9.10 LASKY’S PRICE £8.9.6 


FILAMENT TRANSFORMERS 

All 200-250 v. 50 c.p.s. primary. 


0-30 v. 2 amp. tapped voltages 19/6 

MAKERS’ SURPLUS TV 



16/6 I 17/6 I 25/1 1 32/6 I 29/6 


LAS p^'le P e RICE 97/6 


* LASKY’S ANNOUNCE A NEW 
PORTABLE GRAM AMPLIFIER KIT 





lASKTS 

RADIO 




, aT?A A Y D S D A R T E u! S ^Y FOR EARL?CuhlNG^THURSDAY 


42 TOTTENHAM COURT 
ROAD, W.l. 


370 
PADDINGTON, 


W.9. 







































All these fine offers are on display at ^ 
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PROOPS BROS. LTD. — The CUedk-cPurwtd Shop 


R.F. UNITS 

R.F.24 20-30 Mc/i. Switched Tuning. 
Valved 9/6 each. 

R.F.25 40-50 Mc/s. Switched Tuning. 
Valved, 9/6 each. 

Packing and postage 3/- each. 


RECEIVER & POWER SUPPLIES 

Available for callers only. 


2 METRE RECEIVER Type R1392 

Air Tested 
15 Valve Superhet 

Frequency 95-150 Mc/s 
(2 to 3 metres) 

Valve line-up: 1st and 2nd R.F. 

Amp. VR.136 (EF.54), 1st Local 
Oscillator VR.65 (SP.61), 2 Oscil¬ 
lator Multipliers VR.136 (EF.54). 

3 I.F. Amp. VR.53 (EF.39). 

A.G.C. 6Q7. Output 6J5. Muting 
VR.92 (EA.50). Noise Limiter VR.92 (EA.50). B.F.O. 6J7. Mixer 
VR.136 (EF.54). De Mod. 6Q7. 

Slow motion tuning, normally crystal controlled, or tunable over 95- 
150 Mc/s. Power supply required: 240-250 volts at 80 mA. 6.3 volts 
at 4 amp. Size 19in. x loin. X lOin. Standard Rack Mounting. 
go II a/a Complete with valves and circuit diagram, checked and 

S' 0 / 15, 0 Air Tested. Packing and carriage 17/6, 10/- returnable on 

APQ.2. RADAR/JAMMING UNIT 

Freq. 450-710 Mc/s. Containing 931a Photo Multiplier Cell complete 
with resistance network and light proof box. Wide band amplifier 
2 6AC7. 1 6AG7. 2 388a. This unit is similar to the A.P.Q9 Jamming 
Unit. Brand new £5 plus 10/- carriage. 

MORSE SIGNALLING LAMPS 

(Aldis type) 5in. dia. with sighting arrangement, 2 handles, keying 
switch, and 2 yards cable. In wood carrying case, 10/- plus 3/- p.p. 

MINIATURE I.F. STRIPS 

Size 10J X 21 x 3in. Frequency 
9.72 Mc/s. 2 EF.92s and 1 
EF.91 I.F. amps. EB.91. DET/ 

AGC. EF.91 AGC. Amp. and 
EF.91 Limiter. Circuit sup¬ 
plied. 

Price 8/- less valves. 

Post paid. 

BUZZERS 

6 volt A.C. with tone adjuster, size 2 X 1 X 2jin., 41- p.p. 

BOOST GAUGES 






R1115 RECEIVERS 

Air Tested, in good secondhand condition. Price £6/5/-, plus 10/- 
packing and Carriage. 



WAVEMETER TYPE W.I3I0 

Coverage 155 to 230 Mc/s. continuous, complete with Test Prod. 
Input 230 v. 50 cycles. New condition, £3/10/-, plus 7/6 carr. 


BLOCK CONDENSERS 

8 mfd. 600 v. W., 5/6 each, post paid. 4 mfd. 400 v. W., 4/- each, 
post paid. 

DESYNN TYPE Antenna or Beam position indication 

This comprises a Transmitter unit and Indicator which will operate on 
12 or 24 volts D.C. and will indicate with instantaneous and smooth 
pointer movement. The Transmitter is a specially designed potentio¬ 
meter and will operate the Receiver on a simple three-wire system and 
the receiver in this instance is calibrated in Gallons but dial could be 
easily altered to indicate a 360 Deg. sweep. Transmitter and Receiver 
with full instructions. Price 12/6 post paid. 


I.F. AMPLIFIER UNIT 

460 Kc/s with IT4. Brand New and Boxed. Fully 
Screened in plug-in Box. Size 2) in. x lin. X 4iin. 
Price, with circuit, 10/- ea., plus 1/- p.p. 


RADIO ALTITUDE METERS 

5 mA. Basic movement, 3in. dia. circ. scale with approx. 300 deg. sweep. 
6/- each, plus 2/- p.p. 

TWIN COUNTERS 

(Gallons gone) 24V, reading 4 figures and reset contained in housing, 
size 4in. dia. by 5in. long, IS/- plus 2/- p.p. 

NICKEL IRON CELLS 

1.2 volt, size 3 Jin. x 2iin. X lin., unfilled 5/- each, plus 1/- p.p. 

OCTAL PLUGS 

(Bulgin bakelite type), 2/6 each p.p. 

POWER UNIT Type 173 

24 Volt D.C. Input, 120V, 

60 mA. Output. Containing 
Vibrator Transformer, 12 Volt 
Vibrator, two 120 Volt Sele¬ 
nium Rectifiers. Chokes and 
Condensers. Size lOJin. x 6in. 

X 3in. Price 12/6 post paid. 




NOTE: Carriage prices quoted apply only to England and Wales. 


PROOPS 


OPEN all DAY Saturday. Telephone: LANgham 0141 

BROS. LTD. 52 TOTTENHAM COURT ROAD, LONDON, W. I 
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DEPENDABLE RADIO SUPPLIES 

12A TOTTENHAM ST. NEAR G (§?p D o G s% S e TR h E e E a T lII, ATI ° N LONDON W.1 LTD 
PHONE-LANGHAM 7391-2 HOURS of BUSINESS-9-6 


Qj 


TYPE 3,000 POST OFFICE RELAYS 


ROTARY TRANSFORMER TYPE 47 





AMERICAN MICA CONDENSERS 
S Description Per 

V.D.C. Faradon 


is 

“"wSsSSHI a 
xxxxs, i : s 




tsist&SSSn. 




«*?.“,ee 




sft'asf starts 


HEAVY DUTY SLIDING 
RESISTORS ^ 


DYNAMOTOR 

ROTARY 

TRANS¬ 

FORMER 



PLEASE SEND FOR LISTS. All the above special prices quoted for quantities. Please call and see our varied stock. 
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5W: 

?Sp!u/e 270 ‘°' 270 60 " A " ° " 

f 0 : .350 m A ..C, T .4».. 1 ^ 2 , 


SJWiS* Mv - 3 ‘ top 4 v 
c??:V“ iTai.Vs afaw 4 V ' 

^“°4“°c” T A '4V;S. 4a - 4v ' 

MM"* 

SW.^ 6i 10 - U0 - 0 T . R . F . KIT 


COLLARO 
RC54 

£7-19-6 p.^5/.. 


a-SnTsKSU. Ensl “ 
psrx^rsr 4 ^ 

s^MrSenr-“«■ 



§~3gjfjg 

£7-19-6 P &P3/6. 


DT.V. COMPONENTS (ACTON) LTD. 

23 ACTON HIGH STREET, LONDON, W.3 
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PAMPHONIC 


AB-FI EQUIPMENT 


TO SUIT YOUR FURNITURE 


P AMPHONIC were the first and only company at the last Radio 
Show to feature Absolute Fidelity equipment fitted neatly 
into furniture. 

All wires, amplifier, gramophone turntable and radio equip¬ 
ment were housed without any alteration whatever in standard G. 
Plan furniture. 

The neat way in which this can be done is shown in the illustration, 
where Pamphonic latest push-button pre-amplifier and amplifier 1002 ! 
1002B are fitted into a G. Plan Librenza. 

Absolute Fidelity equipment for fitting in furniture can be selected 
from the following models: 


^-amplifier 1002A 
idelity, 25-watts 
id pre-amplifier 

1002B to 


Victor junior— 

10 w., 35 gns. 

TWO OTHER UNITS 
in the popular Pamphonic 
range are the Westcott and 

ducers. The Westcott con¬ 
temporary in design, price 
oak finish £49/10/11 and 
sapele mahogany £50/13/- 



THE NEW AXIOM ENCLO¬ 
SURES built to the specifi- -_ 

cation of GOODMANS. ^ ■ 

Equipment — Speakers. ^ 

A. L. STAMFORD The Dunster 

(Dept. H4), 20 College Parade, Salusbury Road, London, N.W.6. 



FOR SOUND WITH FILM 

the world famous 

i*HUii:ii4 

high fidelity magnetic tape recorder 

IS UNIQUE 

Send for details. 

Excel Sound Services Ltd. (Dept. W.D.J.) 
Garfield Avenue, Bradford, Yorkshire. 






METAL SPINNING OUR SPECIALITY 

PARABOLIC REFLECTORS up to 9ft. die. LOUDSPEAKER HORNS, Etc., Etc. 
POWER PRESSWORK to 250 ton capacity, including Hydraulic 

GENERAL SHEET METAL WORK . ARGON . ARC & OXY-ACETYLENE WELDING 

SHAWE METAL SPINNING WORKS 

SWINTON STREET, KING’S CROSS, LONDON, W.C.I. 

Phone : TERminus 7422/3 Grams : Alipryde Phone London 
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5, Harrow Road, Paddington W.2 




OYER 50,000 VALVES IN STOCK 


SPECIAL REDUCTION FOR SETS OF VALVES 

LA7GT, IN5GT, 1H5GT, 1A5GT (or 1Q5GT or 3Q5GT). 37/8 Set 

10 EF50 (Ex-Brand New Units) 5/- each . 45/- , 

10 EF50 (Red Syl vania, ex-new units) 6/- each. 55/- 

6K8G, 6K7G, 6Q7G, 5Z4G, 6V6G. 35/- 

1R5. 1S5, 1T4, 1S4 or (384 or 3V4). 27/6 . 

TP25, VP23, HL23/DD. PEN25 (or QP25). 25/- 

DK96, DF96, DAF98, DL96 . 32/6 . 

6K8G, 6K7G. 6Q7G, 26A6G, 26Z5 (or 25Z6G) . 37/6 . 

12K8GT, 12K7GT, 12Q7GT, 35Z4GT, 35L6GT (or 50L6GT) .. 37/6 „ 
128A7GT, 128K7GT, 12SQ7GT, 35Z4GT, 35L0GT or 60L6GT 35/- „ 
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Irom mains. Aligned and calibrated ready lor nse. 

BRAND NEW & GUARANTEED £9.19.6 Carr, and ins. 4 6 
8" and 10" speakers suitable for this chassis available. 
7-Valve De Luxe, push-pull version 7-watt output £12.10.0. Carr. & ins. 5, 


Latest 4-speed COLLARO dit 


ELECTROLYTIC® 1 


losses out 50%. 94. yard. 

Standard Jin., Grade A, 8d. yard. 

COAX PLUGS 1/2. SOCKETS 1/-. 
COUPLERS 1/3. OUTLET BOXES 4/6- 
TWIN FEEDERS per yd., 6d. 
nbm TWIN FEEDER 8d. 
FEEDER per yd., 1/3. 
JBLEJd. perjd.,^in. 
Cross-oyer filter unit 


ty pattern)^ 12m 


JASON F.M. TUNER UNIT 87-105 m/cs 



MULLARD “3—3” 

Amplifier giving Hi-Fi^ualit^a/a ri 


QUALITY AMPLIFIER 


LOUDSPEAKERS 


S.T.C. RECTIFIERS ^ 


RM4B type 250 v. 275 mA., 17/6. LT 
types F/W bridge 0-12 v. 1* a., 8/9; 
3 a., 15/6; 4 a., 18/6t 6 a., 21/6 each. 

PRE-SET W/W POTS 

T.V. knurled slotted knob type. 25 ohms to 
30,000 ohms, 3/-; 50,000 ohms, 4/-; 
50,000 ohms to 2 Megohms (carbon), 3/-. 

VOLUME CONTROLS 

Midget log type, long spindles, all values 


TRS RADIO COMPONENT SPECIALISTS 


TELEPHONE SETS 



STORES, FACTORY AND 
OFFICE; FARM BUILDINGS; 
GARDEN SHED and HOUSE. 


9 


SOUND POWERED HANDSETS, 

45,'”pe? pli° ffi^/rcarrii^ 18 '''”' JUS ' 


SPECIAL OFFER OF R.A.F. TYPE 50 

AERIAL MASTS 36ft HIGH 

keti GuysTndVteingr gt Yot| P ca"purchMe b thi; 
rmally expensive MAST for a fraction of its cost. i.e. 

£7.10.0. ONLY (Ca. 



supplied 


larryinf 


U.S.A. 45ft. AERIAL MAST (10 se 

4ft.-6in. x 2in., guys, etc.) This entire! 

£12/10°™ each. 'car™ I?/™’or TsoTs 


ARMY TYPE 32 

above but 10 lin. 

canvas bag°£5/IOK°! 


ROTARY CONVERTORS. IN METAL CASES. Input 24 volt 
D.C. Output 230 volt A.C. 50 cycle 100 watt. At only 92/6. 


APQ9 CENTIMETRIC RADAR TRANSMITTER, 

of ^atc'hed^SO^^^-SOT^ 2-6AC7; W |'-6A r G7 StC £4/| G 9/6° plus P 7/6 carriage/ 
U.S.A. BEACON TRANSMITTER RECEIVER AN/PPN-2 214/238 
mc/s. Operated from 2 v. battery. Components include 5-3A5; 
3-IS5 ; I-IR5 (all 1.4 V. B7G miniature valvesl : 2.2 v. svnch vibrator, 
7 pin; H.S. 30A Super li 


TELEPRINTER EQUIPMENT-! 

CREED AUTOMATIC TRANSMITTER No. 6S4/N for tef 

RECTIFIER UNITS 26B. Input 110/230 v A.C Output 80 
80 volts. In orginal cases. 

TERMINAL UNITS 80+80. Can be used with above 26B uni 


TELEGRAPH RELAYS 299 A 


TELEPHONE SWITCHBOARDS 

> Rectifier Supply Unit 



G.P.O. SWITCHBOARD TL.I305 10 lines, thru' connexion I 

up'to h | b 0°l’in d es W on h two^imuton^oVsTircuiB, £12/10°-, carriage^ 5°-. \ 


SMSB Boia.^owpolii ^ ELA L S oL.h T A. 



















































January, 1957 


Wireless World 


141 


Best Buy ut Britain 9 s 





























Wireless World 


UNIVERSAL ELECTRONICS 

22/27 LISLE STREET, LEICESTER SQUARE, LONDON, W.C.2 

Inspection and laboratory test available at this address. 


COSSOR Double Ream Oscilloscope 

Type 339. IMPROVED VERSION 
of the OBSOLETE Type 3339 

Time Base Frequency. 6 to 250,000 c. r ... 
Amnlifier. 43 mV RMS/mm. 10 to 100,000 
V RMS/mm. 10 to 100,000 



TEST EQUIPMENT 

i AVO model 7 meter, £1‘ 

| BW232 Signal Generatot-,--- -- 

■ TF144G range 85 k/s-25 Mc/s., £85; TF390G range 16-150 Mc/s., 
I £25; TF517 range 150-300 Mc/s., £35; “ Q” Meter type 329C, £85; 
I Output Meter, type TF340, £35. GENERAL RADIO type 740 
! Capacity Bridge; type 726A Valve Voltmeter; type 916A R.F. Bridge; 
| type 804 Signal Generator, 30-300 Mc/s., £65. EVERSHED MEG- 

■ GERS, Bridge and Wee types. U.S.A. “ Standing Wave ” Measure- 
! ments Instrument. Sliding rule from 0-15 cm.; probes for detection 
| with Amplifier. NEW £40 each. U.S.A. Brand New Hickock 
. Valve Voltmeters; unused. Ranges 2.5-250 A.C.V. 2.5 1,000 D.C. V. 
I 2.5-1,000 mA. D.C. Resistance 0-1,000 megs. Frequency up to 
j 100 Mc/s. Voltage 110 A.C. Price £30 each. 


MANUALS for Communication Receivers £1.7.6 each, 


BC221 


FREQUENCY METERS 

Range 125 kc/s—20 Mc/s 

In perfect condition 


for AR88D-LF, AR77E, RI07, S20R, SX24, SX 28, B2, TX/RX, HRO’s, etc, 


BRITISH & U.S.A. VHF/UHF 

3 SS 1 





HANHEY of BATH 


OFFERS 



L. F. HANNEY 

77 LOWER BRISTOL ROAD, BATH 


A.W.F. 


SPECIALIST SUPPLIERS TO THE TRADE 


I#f L0H#/»#I ★ Send for our latest com- 


7^r,s Court & ~ “enmivl 

170-172, WARWICK ROAD, LONDON, W.14 £ 


INDICATOR UNITS 8D-16/TPS-IA 

PART OF RADAR Type AN/TPS-IA. BRAND NEW 



ggjjpgjl 

■HEHI 

ELECTRICAL & WIRELESS SUPPLY CO. 
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ZMHu\mm 

FOR ALL RADIO BARGAINS 


PANORAMIC ADAPTORS 

Brand new and boxed Ex-U.S.A. For use 
with receivers having an LF. of 455/475 
kc/s., giving a bandwidth of 200 kc/s. 
110/230 volt A.C. operation. Price £30 




A.R.88 WAVECHANGE SWITCHES. 

Ceramic, 8 bank 6 position, complete with 
screens, BRAND NEW, 17/6 each. 
MODULATION TRANSFORMERS. Col- 
807, 20 ^atts 1 audio, U brand new, Vl/iTeach. 


BENDIX COMMAND RECEIVERS 


BARGAIN MAINS TRANSFORMERS 


15, IS 


it 200/250 v. Outpi 
7/6. 

ut 200/250 v. Output 3, 
’ ™ ->r 30 v. 2 a., I 


: 6.3 v. 3 a., 8 v. 


12,24, c 


AMERICAN GEARED MOTORS 



1. Input 200/250 v. Out 
36 volts 5 a., 35/-. 

e. Input 230 v. Output 5, 10, 15,20,25 or 
5 a., 29/6. 

f. Input 200/250 v. Output 4 v. 14 a., < 
CT. 1.5 a., 10/6. 

INSTRUMENT TYPES 

а. Input 220/240 v. Output 200 v. 25 

б. 3 v. I a., 10/6. 

L '—it 230 v. Output 195 v. 9 C — - 


130 v., 6.3 v. 5 s 
H.T. TYPES 

tt 200/250 


6.3 v. .3 a., 14/6. 

_ _ r it 250/0/250 v. 60 

ma., 6.3 v. 3 a„5 v. 2 a., 18/6. 

b. Input 200/250 v. Output 250/0/250 v. 80 
ma.,6J v. 4 a., 5 v. 2 a., 18/6. 

c. Input 200/250 v. Output 350/0/350 v. 80 
ma.,6.3 v. 4 a., 5 v. 2 a., 18/6. 

d. Input 110/230 v. Output 250/0/250 v. 
1 T,c * * " c - c a., potted, 35/-. 

10/500 v. 250 ma., 



ctual1/200 ma.), 

__ M ___ _ r valves, 5 SP6I. 

I VRI16, 2 EB34 and 3 EA50, and many other u: ‘ 



E PURCHASE A 
CEIVERS AND 

MODEL-MAKERS’ MOTORS 

long, l£in? 


Suitable f< 


supplied in good 


MARCONI CRYSTAL CALIBRATORS. 

calibrated 7 aMI^^Operattan^OO/ 

250 volt A.C. Supplied complete with 5 

£4/19/6 each! W ' th mstructlons ’ 


MARCONI U.H.F. SIGNAL GENERATOR TF.5I7, 
MODULATION GENERATOR TF.675. Complete 
station comprising TF.5I7 signal generator, frequency 
coverage 16-58 mc/s and 150-300 mc/s. and TF.675 pulse 
modulator, repetition speed 50-3,000 cycles, pulse width 
2-12.4/4 sec. Supplied brand new in original transit case 
with full instruction book and full complement of leads, 
£42/10/-each. 


JACK PLUG LEADS. Brand 


SOUND POWERED EARPIECES. Can 


SMOOTHING CHOKES 


METER BARGAINS 


300 volt D.C. 2in. F.M.M.C. 10/6 

300 volt A.C. 2*in. F.M.M.1. 25/- 

500/0/500 microamp. 2iin. F.M.M.C. 25/- 

50/0/50 amps. 2in. F.M.M.C. 8/6 

ALL BRAND NEW AND BOXED. 
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For S 28 v F D.C. l inp^t / with b! 


AIRCRAFT RADIO RECEIVER (BY RCA Model h 

.. " 1 ' '"3-1500 metres) c« 

notor. This 6-vol 
_____ _ B.F.O. and C.W 

i^nstrucdondlag^am 1 to^onvertfo^mS ns. ftjr the^e 
of £10/10/-. carr. paid. In good working order. 


723AB KLYSTRONS. Guai 
B.C. 929ACRT INDICATOR UNIT. Conta 
6-6SN7s, 2-6H6s, I-6G6, I... 


ed. 50/-. 
NIT. Cr- 
, 1-2X2; 7 va 


I-3PBI 3in. C.R.T 




15 WATT 12 v. D.C. AMPLIFIER (BY PARMEKO, e 
Fitted for mike and gram, with “ Fader " control, 
push-pull output. Speaker output 15 ohms. House 
size Min. x 9in. x 9in. Ready to use, guaranteed ii 
£12/10/-, carr. 10/-. 

PARMEKO MOVING COIL HAND MICROPHONE. 200 ohm 
imp. Fitted on/off switch, complete with 12 yds. flex, 25/-, p.p. 2/6. 
RE-ENTRANT LOUD HAILERS. Heavy duty 20 watt all-metal. 
15 ohms. By Parmeko. £5/10/-. carr. paid. 

PARMEKO TWIN BAKELITE LOUD HAILERS (ex-Admiralty), 
complete on metal base. 10 watts. 45/-, carr. 7/6. 

RCA BRAND NEW. I5in. l5ohms 30 watt P.M. speakers. £9/19/6, 
carr. 12/6. 

C.M.G. 25 PHOTO CELLS (OSRAM). Brand new, 15/-, p.p. I/-. 
AC/DC POWER SUPPLY UNITS. 230 v. A.C. 50 cycles input. 
100 V. D.C. a • — - J ! -• —- - ^ ~ 


transformers!^ fli 


r. Primary. Sec. 26 v. tapped to 
xed. £3/10/-, carr. 5/-. 

-Y UNIT. New and boxed. Com- 


). 2-6AC7*s, 
aui 2 s. witn rev. counter. Br< 

SELENIUM METAL RECTIFIERS. FULL BRIDGE 


ig 931a Photo El 
s, I-6AG7, 2-807’s and 
• aw, 79/6, c ’ 


12 v. 10 amp. 40/- 24 v. 10 amp. 

SPEEDY DELIVERY OF L.T. RECTIFIERS TO ORDER. 
ELECTRIC LIGHT SLOT METERS. 200/250 v. A.C., 
I/- in slot. 6d. or 7d. per unit. By Measurement Ltd. All B; 

SOuWd°POWERED HEADPHONES. Can be used I 


I BC.454. 3-6 Mc/s. New and boxed, £1/10/-, p.p. 3/-. 
BC.455. 6-9 Mc/s. (Command set). New and boxed, £1 


VARIABLE VOLTAGE 

Input 230 v. A.C. at 21 ai 


(DCC.90), 12/6, 


est (Dubilier). 

LATOR TRANSFORMERS. 


1,900 kc/s. to 8,000 kc/s. 
c/s.-4,000 kc/s. Also 4,000 
. Supply 6 v. D.C. input 


VALVE TESTER (by Radi 


ROTARY CONVERTERS, Ex-Govt. 12 v. D.C input 230 v. A.C. 
Output 50 cycles at 125 watts. Complete in carrying case, with voltage 
control, sliding resistance, mains switch and 0-300 v. A.C. flush meter. 
In perfect working order. £8/10/-, carr. extra. 

ROTARY CONVERTERS. 24 v. D.C to 230 v. A.C. 50 cycles. 100 
Fully tested. £4/12/6, carr. 7/6, _ 


lOin. P.M. LOUDSPEAKER IN PORTABLE CARRYING 
CASE. Complete with handle, back and flex lead compartment. 
Cases slightly soiled. Speakers 100%. 45/-, carr. 5/-. _ 


HEAVY DUTY TWIN I2in. P. 

H/D I in. thick Cabinet, (slightly soiled). Size 3 
Felt padded inside. As used by the Admiralty P. 


SPEAKERS. H 


ACCUMULATORS. 


landle. Ideal for 


Carr!'3?6^each,^or V sent'for'w'or 6*“ 12/6. X <i,n ’ X ' 

15, LITTLE NEWPORT ST., LONDON, W.C.2. 




cap. l.e.s. to British Standard 98/E5. 
Diameter 5mm. Length 8mm. 
balloons. Tubular 5mm. Spherical 
7.5mm. overall length. Tubular 
15mm. ± 1mm. Spherical 16mm. 

ratings. Voltages up to 24 volts. 


VITALITY BULBS 



Dnpl. (W.W.), 11, Gunn.rtbury Lane, Aetna, W.J. Te/.: ACOrn 5027 
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RADIO COMPONENT SPECIALISTS 
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RADIO TRADERS LTD. 


4. CRYSTAL DIODES, 1/3. 


RESISTORS. ; 




" Radiotradt 
4/- 8 doz; 2 wa 


3/6. ; 


V RESISTORS. 5 w 


o 150 w 


. Your 


tt 5%, S 


HIGH STABILITY RESISTORS. ± 

ALL ORDERS FOR RESISTORS C.O.D. PLEASE, AS WE CANNOT GUAR¬ 
ANTEE TO STOCK ALL VALUES. 

W.W. V/CONTROLS. ALL WELL-KNOWN MAKES. Pre-set types, 
2.6; Spindle types^3/-; Carbon type, If- : - L - J - 


itch, 3/6 each. 

MI-MIDGET 2-GANG. .0005 Cond 


» 2| x 


k Ifin., 6/9 







—CHAS. H. YOUNG, LTD- 

GLASS AERIAL INSULATORS. 1/6 ea„ small s 


CONDENSERS. TCC type ll 


SHADED POLE MOTORS. Heavy duty type totally 

MINIATURE P ROTARY P TllANS 5 FORMERsf 

ELECTRON MULTIPLIERS. Type93IA. Only 35/- ea.. 
CRYSTAL 10 '?! A NMD b 'M^CROP H O N ES wltH policed 
fe* DOUBLE 0 " f ° 0t ° f ™ d ' ead - ° nly 2,/ - P ’ * P ' ' / - 

POWER UNITS IN BLACK METAL CASE. 200/ 




RACK r MOU NT ING 


HC in 3 


i^^^^S. rati ^”e'^i0 

AMErISa^h'Ir^ P M?K & eI. 1/6 swivel Head. Pus h to 

B^^°BR^| e M^^K:p^ wfth Pr . or 

- • - ■ case, 8Jx41x7i. Ideal 


Qufntfti^ CLR - tyPe ' 




























January, 1957 


Wireless World 


147 


AMERICAN "COMMAND" RECEIVERS 


12X8, I2SR7, I2A6, and 3 of I2SJ7, fi? aluminium case size llin. x 5£in. x 5in. Circu ^supplied. Choice of 
Models. BC454 (3-6 Mc/s.), 27/6; BC453 (190-550 kc/s, the renowned “ Q Fiver ”), 59/6. OR BRAND NEW IN 
MAKER’S CARTONS, 69/6. Trawler Band Model (1.5-3.0 Mc/s), 65/-. OR BRAND NEW IN MAKER’S CAR- 
TONS, 75/-. Medium wave coil unit for BC454 with instructions, 13/3. 


276 


IC.6I0 MODULATION TRANS- 


MARCONI SIGNAL GENERA- 



iSBUjXVS**-" SglSS 
m swsv - - - *• - 


Cash with order please, and print 

PLEASE ADD POSTAGE OR CARRIAGE COSTS ON ALL ITEMS 


U.E.I. CORPORATION 


138 Gray’s Inn Road, 
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RELAYS P.O. TYPE 3000 



QUICK DELIVERY 
KEEN PRICES 


100 Mi< 


METERS 

F.S.D. Si: 

^multirange scale) 3| 
(scaled 0/15 KV)2i 


GUARANTEED 

MC/FF 


50/- 


1 Miliiamp V ' 


MC/FR 
MC/FS 

MC/FR plug type 
MC/FS Elliott 5Q/87 
MC/FR 
MC/FR 
MC/FR 

ouu „ zfin. MC/FR 

20 Amp. 2Jin. MI/FR 

25 „ 2Jin MI/FR DC 

50 „ 5in. MI/PR 

50-0-50 Amp. 2in. MC/FS 

15 Volt 2Jin. MI/FR 

10 „ 2Jin. MCR/FR 

20 „ 2in. MC/FS 

300 „ 2in. MC/FS 

300 „ 2 Jin. MI/FR 

300 „ 5in. MI/PR 

2,000 volt 2 Jin. ES/FR 

INSTRUMENT RECTIFIERS. Full Wave Bridge 1 m/a. 8/6, 5 m/a. 7/6. 
60 m/a. 5/-. Post 6d. 

TELEPHONES—SOUND POWERED—NO BATTERIES REQUIRED. 

Tust connect with twin flex for clear speech. Transmitter/rec"— 
ix4Jd. yard. Post 1/-. 


9/-per pair. -. 

If 2 units are connected 

and plug. 12/6. Sockets for plug 1 /3. Post 1/6. 

RADIATION MONITORS. Philips Type 1092c. 

rontgens per hour, using Mu’'ard Geiger Counter MX115. £25. 
INSTRUMENT LAMPS. 3 volt miniature, I. ' 


r speaking and one for 
.es and fitted with cord 
portable self-contained 

_115. £25. 

Dr Aircraft Inst., Sextants, etc. 


HEADPHONES. High resistance 4,000f! Type CHR new 12/6 pair, post 1/6. 
TRANSFORMERS. Normal primaries, 350-0-350 v. 120 m/a. 2x0.3 v. 
and B v. tropicalized. 25/-. Also 150 m/a. with extra 6.3 v. 30/-. Post 2/6. 
VARIAC TRANSFORMERS. 80 CO 7.5 amps enables mains to be kept con¬ 
stant. 130/-. Cge. 7/6. 

RACKS—POST OFFICE STANDARD. 6ft.^high^with U-channel sides 

INSPECHONLAMP. Fits*cm forehead leaving hands free! battery case dips 
on belt 7/6. Post 1/6. Takes E.R. Battery No. 1215 2/9 post 9d. 
PHOTOMULTIPLIER No. 931A. Ideal for film scanning, spectograi 
Alpha counting, colorimetric measurement, etc., supplied complete 


impedance 


. 15 w; 


for 200/250 v. A.C. mains operation. Ideal for P.A.-,-,- 

LESS VALVES, £12/10/-. Complete with valves, £15/12/6. Cge. 12/6. 
45 Mc/S PYE I.F. STRIP. These vision, units are brand new and complete 


with 6 EF50 valves and EA50. Our price only 65/-. Post 3/-. 
TELEPHONE SETS. For perfect cc--» ~ 

Desk Type! "“Si 


Twin wire 5d. yaitl. 

_ _, . implete units ready 

-se,£S/*7/6. Wire 5d. per yard. Post 3/-. 

ROOM THERMOSTAT. Adjustable between 45 and 75 deg. Far. 250 v. 
10 amp. A.C Ideal for greenhouses, etc., 35/-. Post 2/-. 

GEARED MOTORS. 4 R.P.M. at 12 v., 8 R.P.M. at 24 v. 35/-. Post 2/-. 
VENT-AXIA FANS^-EXTRACTION OR INTAKE. 230/250 volts A.C. 
6in diam. blades 130/-. 12 volt D.C. 90/-, post 2/9. 

RATIO ARM UNITS. Sullivan. 600 ohms + 600 ohms, 50/-. Post 2/-. 
WHEATSTONE RESISTANCE BRIDGE. 1 to 10,000 ohms. Plug type £5. 

ELECTRO MAGNETIC 
COUNTERS 

Post Office type 11A, counting up 
W/+/ to 9 > 999 > 2 to 6 volts D.C. 3 ohm 
yty coil, 12/6 each. ^ Post 1/-. Many 

23 - _ 

_ . < , , a strong ve 

metal case with switch, input plug and output socket, 105/-. Cge. 7/6. 
CHARGING RECTIFIERS. Full wave Bridge 12 volts 2 amps., 13/6, 4 amps., 
22/6, suitable transformers 2 amp. 24/-, 4 amp., 27/3, post 2/-. 

VARIABLE RESISTANCE. 160 ohms, 2 amps., on lOJin. Twin formers, 
gearing with control handle. Suitable for dimming, 35/-, post 2/9. 
TERMINAL BLOCKS 2-way fully protected. No. 6C/430. 4/- doz. or box 
of 50 for 15/-, 3-way, 8/- doz., post 1/6. 

L. WILKINSON (CROYDON) LTD. 


introduce 

NEW 

FREQUENCY RECORDS 

E.M.I. STUDIOS ltd. announce the release of new 
frequency records with recording characteristics to 
British Standard 1928 :1955. 

33i r.p.m. MICROGROOVE. Constant frequency 
bands 18,000 to 30 c.p.s. Cat. No. RLPS 4. Price 
£1 8s. 6d. + 12s. iod. Purchase Tax. 

78 r.p.m. STANDARD GROOVE. Constant fre¬ 
quency bands 18,000 to 30 c.p.s. Cat. No. JGS 81. 
Price 10s. 6d. + 4s. 9d. Purchase Tax. 

(In order to obtain accurate performance figures for pickups 
this record is supplied in shellac or L.P. material .) 

Postage and packing :— 3s. od. on I to 4 records. 

3s. 6d. on S to 9 records. 

Obtainable only from : 

E.M.I. STUDIOS LTD. 

(Special Recordings Dept.) 

3 ABBEY ROAD, LONDON, N.W.8 



AM IDEAS ? 

Well-known manufacturers of 
electronic equipment are w illin g to 
manufacture and place on the market:- 

THAT NEW IDEA OF YOURS 

(Our own staff is aware of this advert¬ 
isement). Royalty will be paid on all 
sales. For further details write 
Wireless World Box No. 4236. 



A.C. SOLENOID TYPE SBM/T 

GREATLY INCREASED PERFORMANCE 

Continuous 3|lbs. at 1" 
Instantaneous to 16 lbs. 
Same dimensions as 
Type SB. Smaller sizes 
available. Greatly in¬ 
creased discounts for 
quantities. Also trans¬ 
formers to 7kVA 3 phase 


It. A. WEBBER LTD. 


18 FOREST ROAD, KINGSWOOD, BRISTOL PHONE 74065 














£ 149 
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17in. 

£7.! 0.0 


RECTANGULAR 

T.V.TUBES 


14in. 

£5.10.0 


USED BUT WITH 6 MONTHS GUARANTEE 
“save PETROL. PHONE FIRST” 


16in. - 15in. - 14in. ROUND £5 

USED BUT WITH 3 MONTHS GUARANTEE 
15/6 INS. CARR. ON ALL TUBES 



T.V. CHASSIS £19.19.6 


Complete with Valves and I4in. Tube 


T.V. CHASSIS UNITS 


esbr r ° P« te Wstrip 

~ 


CONVECTOR HEATERS 99 x 6 

RADIO OR RADIO-GRAM CHASSIS 39'9 



S St vi>v C i ,S and 

SSS^tz-sas: 


8in. P.M. SPEAKERS 8 7 9 


SATURDAY 

OPEN ALL DAY 


DUKE & CO., 

sasarae ,D - ■ass > r t8& 
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SAMSONS SURPLUS STORES 

= LONDON'S GREATEST DEALERS IN RADIO = 
AND ELECTRONIC EQUIPMENT 
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SOLARTRON 

Technical Commercial Representatives 

(OVERSEAS) 

We are seeking men capable of selling a 
wide range of outstanding electronic test 
equipment in an international market. 

The Solartron Group of Companies is 
expanding rapidly and offers unusual pros¬ 
pects to men who combine the ability to sell 
with sound technical experience in electronics 
especially the servo field. 

Applicants must have language proficiency 
where necessary and after initial training and 
experience in the United Kingdom will be 
expected to undertake tours abroad of up to 
three months. Later, resident overseas 
appointments may occur. The relevant 
areas are North and South America 



IMPROVE YOUR 

TELEVISION 

RECEPTION 


to get 
tile best 
from a: 


THE MULLARD RADIO VALVE CO. LTD., 

QUEENSWAY, WADDON 

(off Purley Way) 


TECHNICAL ASSISTANTS 

Applicants should hold the General 
Certificate of Education at Advanced 
level in Science subjects or the O.N.C. 
or H.N.C. in Electrical Engineering. 

There are facilities for further training 
for suitable applicants seeking higher 
qualifications. Ex-service personnel 
with experience in radar may be par¬ 
ticularly interested in these posts. The 
salary is in accordance with age, qualifi- 









Write to Chi'/ Engineer setting out full particulars of experience 


5s. Od. 
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APPOINTMENTS VACANT 


“BELLING-LEE” 

are looking for_ 

RESEARCH ENGINEERS 

(Technologists) 

For development of (I) VHF and UHF receiving aerials. (2) Interference suppres¬ 
sors and screened compartments. (3) Circuit protection devices (fuses, cutouts, 
etc.). Minimum qualifications Grad. I.E.E., H.N.C. (advanced) or equivalent. 

RESEARCH ASSISTANTS 

(Technicians) 

To act as assistants to the above. Minimum qualifications O.N.C. 


MATERIALS ENGINEER 

To study and advise on suitability of existing or new materials for their products. 
Previous experience essential. Minimum qualifications: a degree in chemistry 
and proved knowledge of metallurgy. 


... As part of the Company’s plans for expansion 
the research department has recently been en¬ 
larged, and we have vacancies there for men and 
women of ability for whom there are excellent 
prospects of advancement. We are well established 
and have an excellent record of technical achieve¬ 
ment and integrity in the radio and electronic 
field; we manufacture an extensive range which 
includes components, fuses, cutouts, aerials, 
interference suppressors, screened compartments 
and electrical car accessories. We think that this 
range of activities will appeal to those with a 
genuine interest in electronics, particularly as 
we do not “ type ” our research staff but en¬ 


courage them to move from subject to subject 
according to their aptitude and ability. 

The establishment is pleasantly situated on the 
outskirts of London at the edge of the Green Belt, 
and excellent facilities for further study exist at 
the Enfield Technical College; the appointments 
are permanent and include membership of a 
pension and life assurance scheme. 

Applications (which will be treated as strictly 
confidential) to the Secretary, Great Cambridge 
Road, Enfield, Middlesex, should give all personal 
details, experience, qualifications and some in¬ 
dication of the salary expected. 


Illlllllllllllllllllllllllllllllllllll] 


BELLING & LEE LTD 

GREAT CAMBRIDGE ROAD. ENFIELD, MIDDX., ENGLAND 
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The English Electric Valve Company, Chelms¬ 
ford, have vacancies on their technical staff 
for engineers and physicists for research, 
development and production of the following 
devices:— 

TRANSMITTING VALVES for com¬ 
munications, broadcasting and industrial 
purposes. 

MAGNETRONS, KLYSTRONS and 
THYRATRONS for radar equipment. 

TRAVELLING WAVE TUBES. 
TELEVISION camera tubes. 

TRANSISTORS and other semi¬ 
conductors. 

MICROWAVE TEST equipment. 

Interesting work. Attractive salaries. Non¬ 
contributory superannuation. 

The Company will assist successful candidates 
to obtain accommodation. Please write to 
Dept. C.P.S., 336/7 Strand, W.C.2, quoting 
Ref. WW 1506E. 



THE MULLARD RADIO 
VALVE CO. LTD., 
WADDON, SURREY. 

C Near Croydon Airport ) 

An opportunity exists for a man 
of graduate standard to assist in 
the running of a department 
responsible for the quality of the 
output of factory producing 
transmitting and microwave 
valves. Some experience of 
transmitting or radar valves and 
their use, would be an advantage. 
The job will involve planning and 
supervising the work of a small 
group of technical staff. 

The commencing salary will be 
according to age, qualifications 
and experience. There is a 
Pension Scheme and long service 
benefits. 

Write giving full details to :— 

The Personnel Officer, 

The Milliard Radio Valve 
Co. Ltd., 

Queensway, Waddon, Surrey. 


A rare opportunity for 

SENIOR DEVELOPMENT 
ENGINEERS 

with design and production 
liaison experience in radio, 
to join a company looking to 
the future. 

These permanent positions 
offer ample scope for progress 
in an organization where Re¬ 
search and Development are 
given their true importance. 
Generous starting salary. 
Ideal working conditions. 
There are a limited number of 
vacancies also for 

JUNIOR ENGINEERS 

particularly those with ex¬ 
perience in the transistor field. 
For either position apply to: 

Personnel Manager, Pye 
Telecommunications Ltd., 
Ditton Works, Cambridge 


ELECTRONIC 

TEST 

ENGINEERS 

1. Test Engineers of O.N.C. 
and H.N.C. standard are invited 
to apply for positions on the 
production testing of complex 
electronic equipments. 

Consideration will also be 
given to engineers without the 
necessary academic qualifi¬ 
cations, but who have sufficient 
practical experience. 

2. An Equipment Mainten¬ 
ance Engineer is required for 
the maintenance and calibration 
of electronic test equipment used 
in production testing. 
Experience in this field is 
essential. 

Assistance with housing will be 
given. Reply in confidence to 

CHIEF INSPECTOR, 
DENIS FERRANTI METERS 
LIMITED, 

BANGOR, NORTH WALES. 
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RADIO TECHNICIANS 

IN 

CIVIL AVIATION 

A number of appointments are 
available for interesting work pro¬ 
viding and maintaining aeronautical 
telecommunications and electronic 
navigational aids at aerodromes and 
radio stations in various parts of 
the United Kingdom. 

Applications are invited from 
men aged 19 or over who have a 
fundamental knowledge of radio or 
radar with some practical experi¬ 
ence. Training courses are pro¬ 
vided to give familiarity with the 
types of equipment used. 

Salary £561 10s. at age 25 rising 
(subject to a practical test) to £671. 
The rates are somewhat lower in 
the Provinces and for those below 
age 25. Prospects for permanent 
pensionable posts for those who 
qualify. 

Opportunities for promotion to 
Telecommunications Technical Offi¬ 
cer are good for those who obtain 
the Ordinary National Certificate 
in Electrical Engineering or certain 
City and Guilds Certificates. The 
maximum salaries of Telecom¬ 
munications Technical Officers are 
Grade III £790, Grade II £925, 
Grade I £1,160. 

Apply to the Ministry of Trans¬ 
port and Civil Aviation (ESB1/RT), 
Berkeley Square House, London, 
W.l, or to any Employment 
Exchange (quoting Order No. 
Westminster 5788). 


TESTERS REQUIRED 

for 

RADAR&ELECTRONICWORK 

Holding of Ordinary or Higher 
National Certificate an advantage, 
but men with suitable Service or 
Civilian experience will be 
considered. Opportunities for 
advancement available for pro¬ 
gressive candidates. 

Good rates of pay, conditions, 
canteen facilities, etc. 

Apply in person or in writing to:— 



GUIDED WEAPONS 


A. V. ROE & CO., LIMITED 

offer posts in their 
WEAPONS RESEARCH DIVISION 
at 

WOODFORD, CHESHIRE 
for 

DEVELOPMENT ENGINEERS 

and 

LABORATORY TECHNICIANS 


to work in the following fields of 
engineering endeavour :— 

Servo - mechanisms 
Hydraulics 
Aircraft Turbines 
Analogue Computers 
Digital Computers 
Transistors 
Magnetic Amplifiers 
Gyroscopes 

Electrics & Electronics 
Environmental Test 
Instrument Test 


Employment Department, | 

Metropolitan-Vickers | 

Electrical Co., Ltd., | 

Trafford Park, Manchester 17 | 

N.B.: For the convenience of j§] 

applicants the Employment De- s 

partment is open for interviews as @ 

follows:— j|j 

Monday and Friday 8.30 a.m. to gj 

4 p.m. Tuesday, Wednesday and © 

Thursday 8.30 a.m. to 6.30 p.m., - ® 

and Saturday 8.30a.m. to 11.30a.m. S' 


Minimum qualifications desirable : 


Development Engineers 

B.Sc. or H.N.C. or equivalent 
and some years relevant 
experience. 

Laboratory Technicians | 

O.N.C. 

Instrument Test Engineers 1 

(Male or Female) | 

Inter B.Sc. or equivalent. 


Apply, quoting Ref: WRD/GEN/R.IS6/W to: — 

Personnel Manager, A. V. Roe & Co., Limited, 
Greengate, Middleton, 

Manchester. 
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SENIOR MECHANICAL DRAUGHTSMEN. 


PHILIPS ELECTRICAL INDUSTRIES LIMITED 

invite applications from Mechanical Draughtsmen for a number of vacancies in 
the Design Laboratories of their new Radio and Television Plant at Croydon, Surrey. 
These posts are concerned with manufacturing development for mass production 
from designers’ sketches or models of radio/electronic equipment, and applicants 
should have experience in light engineering. Production experience would be an 
advantage. 

Starting salary up to £850 per annum according to experience and qualifications. 
In addition to a progressive salary policy, the Company operates a generous pension 
and life assurance scheme, together with extended sick-pay and holiday plans. 
Applicants who are interested in these opportunities for interesting work in this 

THE PERSONNEL OFFICER 

Philips Electrical Industries Limited, Commerce Way, Purley Way, 
Croydon, Surrey. 

Please quote reference No. D.D/R. 


OPPORTUNITIES IN ELECTRONICS 
SENIOR ELECTRONIC ENGINEER 
ELECTRONIC DESIGN ENGINEERS 

SPERRY GYROSCOPE COM¬ 
PANY offers interesting and 
responsible posts connected with 
the detailed design and develop¬ 
ment of navigational and auto¬ 
matic control equipment for 
aircraft and guided missiles. 

These posts will be located 
initially at Brentford and Feltham 
(Middx) and later at Bracknell 
(Berks), a New Town where 
housing will be available in 
approved cases. Other posts at 
Sunbury (Middx). 

Enquiries, which will be 
treated in strict confidence, 
should be addressed in the first 
instance to 

Mr. R. W. H. Lubbock, 
Sperry Gyroscope Co., Ltd., 
Great West Road, Brentford, Mddx. 



THE MULLARD RADIO 
VALVE CO., LTD. 
require a TECHNICAL ASSIS¬ 
TANT for investigational work 
and technical/chemical control 
of a large Plating shop. The 
work is carried out in a modern 
laboratory in the outskirts of 
South London. Due to the 
nature of the work, applicants 
should possess either G.C.E., 
advanced level in Chemistry, 
Inter B.Sc., or Higher National 
Certificate. The commencing 
salary will be according to age, 
experience and qualifications and 
will not be less than £10/14/- at 
age 24. 

Applications in anting should be 
addressed to the Personnel 
Officer, The Mullard Radio 
Valve Co., Ltd., New Road, 
Mitcham Junction, Surrey, 
quoting reference JFG/MR/L1. 


VACANCIES IN 
GOVERNMENT SERVICE 

A number of vacancies, offering good 
career prospects, exist for:— 

Radio Operators—Male 
Cypher Operators—Male and Female 
Apply, giving details of education, 
qualifications, and experience to:— 
Personnel Officer, 

G.C.H.Q. (FOREIGN OFFICE), 

53 Clarence Street, 
Cheltenham, Glos. 


TEST ROOM PERSONNEL 

required by a Company engaged 
in the manufacture of Microwave 
Instruments and Industrial 
Electronics Equipment. 

The new modem factory is sit¬ 
uated near London, and housing 
accommodation can be made 
available to successful applicants 
from the London area. 

Apply Box No. 5589 c/o Wireless 
World. 


The ROYAL NEW ZEALAND 
AIR FORCE 

has vacancies for 
BRITISH EX-SERVICEMEN 
in the following trades:— 
RADIO MECHANICS 
RADAR MECHANICS 
Commencing pay between £10.16.2 
per week and £17.1.3 per week 
according to previous experience. 
Ages between 21 and 40, married or 

This is an opportunity to start a new 
life in New Zealand with excellent 
conditions of service and free 
passage. Limited vacancies also 
exist in other trade groups. Write 
for full information to:— 

The Royal New Zealand Air 
Force Headquarters (Dept. 
WW), 

Adelphi Building, 

John Adam Street, 
London, W.C.2. 


BUSH RADIO LIMITED 

Development Laboratories—KEW 



ELECTRONICS ENGINEERS 

are invited to apply for work on 
specialised equipment for testing 
the guidance systems of 
GUIDED WEAPONS. 
Applicants will be called upon to 
cany out the design of units for 
this type of equipment; previous 
experience of similar work is thus 
desirable. Apply to the Personnel 
Manager (Ref. 87B) 

De Havilland Propellers Ltd., 
Hatfield, Herts. 
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MAGNETIC AMPLIFIERS 
SERVO MECHANISMS 

Two vacancies exist in the Research Department of “ SHORTS,” for 
Development Engineers, one to work on Magnetic Amplifiers for auto¬ 
matic pilots and stabilisers; the other for work on electro-hydraulic 
servos for aircraft and missile control systems. 

Applicants for either appointment should possess a degree, or equivalent, 
and have several years’ experience in the relevant field of engineering 
development, and must be capable of accepting full responsibility for 
the design and construction of such components and equipment. 
Housing assistance and generous removal allowance will be available from 
Great Britain for the successful married candidate. 

Application with full personal data should be made to the :— 

Staff Appointments Officer, 

SHORT BROTHERS & HARLAND LIMITED, 

P.O. Box 241, BELFAST. 

Quoting S.A. 186. 



A. T. & E. CO. LTD., 


FM/AM 

Approx. 400 Transmitters, 1154, in Transit 
Cases, for Sale in Lots of not less than 50, at 

RADIOGRAM CHASSIS 

12/6 each, collected at Blackpool. Also 1131 
Transmitters wkh Valves, at £20 each col¬ 

£26 LISTS FREE. 

lected at Blackpool. 

W. SMITH (METALS) LTD. 

BEL, MARLBOROUGH YARD, 

TALBOT ROAD, BLACKPOOL 

LONDON, ARCHWAY, N.19. ARChway S078 

Phone: 23401/2 


E.M.I. LTD. 

DOMESTIC ELECTRONICS DIVISION 
REQUIRE 



VACANCIES FOR SKILLED CRAFTSMEN 

IN GOVERNMENT SERVICE AT CHELTENHAM 

Experienced in one or more of the following:— 

1. Maintenance of radio communication receivers. 

HEr Tsferssi'us 

* gjpr mbly ‘“ d w,rms and “ s “ g of radi ° type 


BASIC PAY: d |S£ppay, assessed* 

Personnel^ Department (DED/11), E.M.I. Ltd., 

5-day 





RESEARCH LABORATORY 

ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 



OPPORTUNITIES IN NEW ZEALAND 

for Radio Mechanicians and Technicians 

Free Passages for fully qualified single men between 

21 and 35 years for employment with the Post 
and Telegraph Department in New Zealand are 
available under the Immigration Scheme. For 
full information apply to:—Chief Migration Officer, 
New Zealand Migration Office, Adelphi Building, 
John Adam Street, LONDON, W.C.2. 

There are also vacancies for linemen, telephone 
exchange mechanicians (including trainees) and for 
postmen and postal assistants. 
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o o 


c out 

I- of 

c the 

I-top- 

drawer 

One of our many contented 
customers described our 
service as “ the kind you 
dream about but seldom 
get.” This is also the 

- kind of service that he J 
will enjoy from the special 1 
transformer we designed 
and made for him As 
with all our instruments, 

it received meticulous, 
painstaking attention dur¬ 
ing every stage of its 
manufacture resulting in 
a unit of the finest possible 
performance and reli¬ 
ability. Right out of the 

- top drawer, in fact. 



































—WHY WASTE 


FIT QUALITY COMPONENTS 


COVENTRY RADIO 


Morse Code operating 
as a PROFESSION 


THE CANDLER SYSTEM CO. 








S^grtfjssia.-a 

SK-S5SS 

^sssr&r^- 


MMEE 

RONALD WILSON & CO. 


The f 


"©ust Bug" 


d to 17/6 (plu« 7/- purtl 
ECIL E. WATTS 































rr ^^SSK‘^ K 

T «v: nd pX^. Pub,ieation 

Fl «t Ca p P o a stite r l/ ty G ' W ' A ‘ DUmmer ' 

"SPA e^. R ^ E P" 0 « 8 ’ 

sjrpasnr*- by 

su K^i.^oH?rn- 

"»r«V' 

^Hd^/V S&.& “ Wire ' eSS 

19-23 PRAED STREET 
LONDON, W.2 



mamm 

MPl 

SK^aasasss 

details of experience a|d salary required, to 
GKds!°wJbly. SeC °^ Way. ExMbition 


WANTED 

B. C. 312 I B.C.610E 

UNMODIFIED TRANSMITTERS 
RECEIVERS I 

We will pay Top Cosh Prices 

for sets in good condition. 




wmm 

EpJfilll 




amplifiers? “fiS? f ?unTr° de avaffie ,U wUh 

tf. CHAPMAN 

(Reproducers) LTD 

RILEY WORKS, RILEY STREET, 
CHELSEA, S.W.10 


-TUNERS- 
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SITUATIONS VACANT 

'J'HE MJBLS^ RECORDING Cp., 

r Sesii 



Get this FREE Book! 


TELEVISION and 
RADIO, A.M. Brit. 
I. R. E., City & 
iuilds. Special Tele¬ 
vision, Servicing, Sound 
Film Projection, Short 
Wave, High Frequency and 




We definitely Guarantee 

“NO PASS-NO FEE’ 


LSgat: 


BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY 

388b COLLEGE HOUSE, 

29-31, WRIGHT’S LANE, 


II 


s SS!l e 

RiSgher NatioS^or 

ef firm ronsiMing °geophysicis 
accept ^respc 


men^of^nitiatfve 


-PRECISION SHEET METALWORK— 

V. W. BEAMISH 

Shardeloes Garage, Shardeloes^Rd., New Cross, 
___ Telephone TI Deway 4795_ 



SPENCER-WEST 

TYPE 50 
BAND HE CONVERTOR 


Perfect results with any receiver. 
From your dealer or on 7 days’ 
approval from: 

SPINCIR - WEST LTD., 

Quay Works, Great Yarmouth 

Phones: 4794 & 3C09 


: J knowledge ~ t 


rferiSTdl- 

of audio fre 

• ' 




Foreman required by a division of a 
applicants should 

! °television S cSm- 
wledge of modern 

>any superannuation scheme available.—I 
eply, giving full details, to ■**— Bt ** a 

W A »% U SSSf i m l 

control production of electri 

wiring looms. Applicants si-- 

-3 of A.I.D. procedures and must be capable 

nterpreting designers’ requirements.—Apply 
:he first instance, giving details of experi- 
i, qualifications and salary required, to Box 




"D ADIO AND ALIPED INDUSTRIES, 

AV require Senior and Junior Develc, 
.neers for responsible and interesting w< 

... „heir Radio and Television Laboratories 
McMichael Works, Slough. Excellent oonditic 
— J opportunities for advancement. Pensi 
ie.—Apply, in writing, to Person] 
Dept. R.D., McMichael Works, We., 
■id., Slough, Bucks. [6610 

^ELECTRONICS ^engineers.—Large organiza- 
engineers to train as project leaders taking 
charge of all aspects of contracts ^ 
fications^ H.N.C. or equivalent, s 

^salary .-Wnte^Box U WD 
gLECTRONIC 


andard.—Write, giving details of age, experi- 
lce, salary required, etc. to Ultrasonoscope Co. 
-lOndon), Ltd., Sudbourne Rd., London, S.W.2. 
ELECTRONIC Engineers required for interestl 
-/ ing new design work on equipment for 
itomatic control, and programming of vibra- 
on test specifications. Applicants must have 
..rst-class electronic experience; knowledge of 
vibration testing procedures would be an advan- 


i free, £ 

Dommodatiuix, itio miuwouw, lice w laics, 
oerous U.K leave.—Qualified candidates, to 
tom replies only will be sent, please write, 
quoting RT to Personnel Officer, 40. Park^St., 

CUNVIC CONTROLS, Ltd., require an elec- 
>3 tronic test engineer for interesting work on 
nucleonic equipment; qualifications: H.N.C. or 
equivalent; preference will be given to appli¬ 
cants with experience in pulse techniques: 
full Si detaii aV of’-~ requ £^~ Wri S e J&Ttog 

Sunvic Controls,__ _ _ 

Fields, Harlow, Essex. 

•p|RAUGHTSMEN. — Attracti\ 

U are available for suitable men m 

with work on electronic equipment, r - 

practical experience and National Certificate 
ments for those achieving Higher National; 

good salaries, flve- J — * 1 " j-j— - 

Personnel^ Superint 




FM and HI-FI COMPONENTS 

WIRELESS WORLD FM TUNER UNIT 


J. T. FILMER 


MAYPOLE ESTATE 


The LESDIX 
CRYSTAL 
SET 



-, 30/-, post 2/-. 

mc/s., 8/- each, post free. 

400 CYCLE INVERTERS. Double output, 115 
volts 750 watts, 3-phase and 250 VA. 24/26 volts 
single phase from 24 volts D.C. input. Write for 

ELECTRICITY FROM THE WIND. 60 watt 
f T volt?V amps/output, with control box °con- 


R/flush 12/6, 500 m 

R/flush 10/-, -40 voits. 34. iiu3ii iv/-, j.^uu von 
3£in. proj. panel 35/-. 

Leslie Dixon & Co. 


Telephone: MACauhy 2159 Zi 
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SOUTHERN RADIO’S 
WIRELESS BARGAINS 

IIVERS. Typ 
lpleco with 5 
. _ Ready for 

attachments, 30/- per — 

use with " 38 " 1__ 

PHONES, 15/6; THROAT MICROPHONE » 

Lead and Plug, .. 

AERIAL, 1/6. 

TRANSRECEIVERS. Type ‘ 

TWO UNITS (Receiver and Sena*., ... 

Metal Case. Complete with Six Valves, Micro¬ 
ammeter, etc. LESS EXTERNAL ATTACH¬ 
MENTS, £4/10/-. 

TRANSMITTERS. TII54. Complete all valves, 
etc., etc. Perfect order. 3 frequencies. £2/7/6, 
in transit case. Delivered U.K. 

BOMBSIGHT COMPUTERS. Ex-R.A.F. 
BRAND NEW. A wealth of Components. 
GYRO MOTORS, REV. COUNTERS, GEAR 
WHEELS, etc., etc. Ideal for Model Makers, 
Experimenters, etc., £3. 

LUFBRA HOLE CUTTERS. Adjustable Jin. 


PLASTIC CASES. Min. x I0}in. Transparent. 
Ideal for Maps, Display, etc., 5/6. 

STAR IDENTIFIERS. Type I A-N. Covers 
both Hemispheres. In case, 5/6. 

CONTACTOR TIME SWITCHES. In sound¬ 
proof case. Clockwork movement. 2 impulses 
per sec. Thermostatic Control, 11/6. 

REMOTE CO NTACTORS, use with above, 7/6. 


TWELVE INSTRUMENTS, i 


SOUTHERN 


I LITTLE NEWPORT STREET 


LONDON, W.C.2. 




bAKERs 

'S-eUunSi&C’ 

smssmsRADIO 1 ® 3 ®™ 3 

Demonstrating! 

The full range "ULTRA 



Demonstrating! 

The 


TWELVE” 


Cone 
Resonance 
20 c/s 


BRADFORD PERFECT BAFFLE 



A radically new idea in speaker 
enclosures. All the BASS. No boom, 
resonances or distortion. COMPACT. 

17" x 17" x I3£ : £16 , 10 . 0 

24" x 17" x I3j : £20 . 10 . 0 

Demonstrating! 

The GOODSELL “Golden Range” with 
the ORTOFON Pick-Up, and the new 
WOOLLETT 4-speed Transcription 
Turntable. 

Daily t 10 a.m.—5 p.m. 

Saturdays : 10 a.m.—noon 



i7, Charing Cross Rd. 
London, W.C.2. 

Tel. : TRAfalgar 5575 
(opp. Garrick Theatre) 


LIMITED 


Trade & Export enquiries to :— 


JOHN LIONNET & COMPANY 

(at above address) 



























































1957 


171 





SERVICE 

FOR THE SERIOUS 
CONSTRUCTOR 



muam 
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L^ h ^ B ^ L L,^^p^en S ^ 
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23 LISLE ST. (gh«.2969 )L0ND0N,W.C.2 
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TELE-RADIO 

(1943) LTD., 
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The Sylvania Thorn 
Colour Television 1 

Laboratories Ltd. f 


is now able to offer appointments of un¬ 
usual interest. The new Laboratories, 
which are situated at Enfield, Middlesex, 
are fully equipped to carry out Research 
Development in all aspects of Colour 
Television. 


* Applications are invited for the 
following vacancies. 


1. TECHNICAL ASSISTANT 

(male or female) of H.N.C. or equivalent standard, to 
assemble electron-optical structures, work a de¬ 
mountable vacuum system and assist generally in 
electron-optical studies for colour tubes. 

2 . TECHNICAL ASSISTANT 

to work on the problem of preparation of colour tube 
phosphor screens. The work necessitates a knowledge 
of Physics and Chemistry and requires initiative and 
inventive ability. A University Degree and some 
experience in the vacuum tube field would be preferred. 

3. TECHNICIAN forthe maintenance 

and calibration of Instruments and Test Gear. 
Applicants must have had considerable experience in 
this field. 


4. TECHNICIAN with machine and 

bench glass working experience is required for bulb 
fabrication, sealing-in and pumping of experimental 
colour tubes. Experience with cathode ray tubes or 
similar products is essential. Versatility is a necessity. 


Positions offer good and progressive 
salaries according to achievement, 
and eligibility to Contributory Pension 
and Life Assurance Fund. 


Apply direct to: 

Mr. B. C. Flemming-Williams, 

GENERAL MANAGER, 

Sylvania Thorn Colour Television 
Laboratories Ltd. 

Great Cambridge Road, ENFIELD, Middlesex. | 
lllllllllllllllllllllllllllllllllllllllllllllllllllllillllllllllllllllllllllllllllllllllllll 


APPLIED ELECTRONICS LABORATORIES, 
THE GENERAL ELECTRIC CO. LTD. 

The services of experienced electronics engineers 
are required for advanced engineering development 
work on guided weapons. 

Senior positions are vacant in the following fields. 

1. GENERAL PULSE CIRCUITRY with appli¬ 
cation to sub-miniature techniques and the 
design and development of units by statistical 
method. Experience of semi-conductor work 
desirable for one position. 

2. ELECTRONIC AND INSTRUMENT 
SERVOS involving design and development of 
servos with special relationship to overall 
system considerations. 

3. MAGNETIC AMPLIFIERS. Design and 
development of magnetic amplifier stabilisers 
and drive stages for small electric motors. 

4. INSTALLATION. Design of layouts for 
simplicity of inter connection in subminiature 
work. Wide electronic experience is essential. 

Engineers of graduate standard with suitable 
experience are needed. A number of vacancies exist 
for engineers wishing to gain valuable experience in 
these and other fields. Good opportunities exist for 
advancement. 

Reply stating age, qualifications and experience to 

Personnel Manager (Ref. R.G.) 

Applied Electronics Laboratories, 
Brown’s Lane, Allesley, 

Coventry. 


MURPHY RADIO LTD. 
ELECTRONICS DIVISION 

VACANCIES exist in an expanding labora¬ 
tory for Senior and Junior Engineers and for 
Draughtsmen in the following fields:— 

TRANSISTOR circuit design and engineer¬ 
ing applications to communication and pulse 
systems. 

V.H.F. and U.H.F. transmitters and receivers 

for use in NAVIGATIONAL AIDS, 
MOBILE COMMUNICATION SYS¬ 
TEMS and RADIO TELEPHONE LINKS. 

AERIAL DEVELOPMENT in connection 
with the above. 

TELEMETRY EQUIPMENT design in 
collaboration with the Ministry of Supply. 

Posts are pensionable. Sports Club and other 
recreational facilities are available. 

Applications should be addressed to 

Personnel Department (E.14), Murphy 
Radio Limited, Welwyn Garden City. 












174 


January, 1957 


INDEX TO ADVERTISERS 
















January, 1957 


Wireless World 



T.C.C. 
Type No. 

CE58 

CE58AA 

CE58A 

CE58B 

CE58C 

CE68AA 

CE68AA 

CE68C 

CE69A 

CE69B 

CE67 

CE67B 


Capacity 
in PF. 

Peak Wkg. 
Volts D.C. 

T.C.C. 
Type No. 

100 

6 

CE59AE 

SO 

12 

CE59BE 

25 

25 

CE59CE 

12 

25 

CE59C 

5 

50 

CE59D 

12 

50 

CE59DE 

6 

100 

CE59EE 

4 

150 

CE59FE 

2 

200 

CE59GE 


Size throughout range 
Its" long x t" diameter 


CONDENSER CO. LTD 

TH ACTON • LONDON • W.3 Tel: ACOrn 0061 


These ranges will appeal particularly to all concerned 
with the design and servicing of small-scale equipment 
incorporating transistors or printed circuits. 

The usual T.C.C. high standard of construction has 
been maintained throughout. The elements are her¬ 
metically sealed in aluminium tubes with rubber bungs 
(T.C.C. Patents Nos. 578487, 587072 and 587509), with 
wire terminations i£" long. Polarity is plainly indicated 
by the red and black bungs. 

In the CE59 range, maximum working temperature 
is 70°C. These condensers can be supplied with trans¬ 
parent insulating sleeves at slight extra cost. 

The range of Sub-Miniature Electrolytics comprises 
some of the smallest of this type yet available. These 
diminutive condensers are suitable for use in miniature 
walkie-talkie equipment, hearing aids and similar assem¬ 
blies where every component is scaled down to the 
absolute minimum physical size. Temperature range is 
minus 30°C. to plus 6o°C. 

CE59 RANGE 
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Ersin Multicore 

SAVBIT 

TYPE 1 ALLOY 

91 

saves up to 

u 


of your soldering iron replacement costs 



COMPARISON OF BIT WEAR 
STANDARD TIN/LEAD 
AND SAVBIT TYPE 1 ALLOY 

You can see from the graph just how 
much you can save on soldering iron 
replacement costs. The wear on 
soldering iron bits, when SAVBIT 
Type 1 Alloy is used, is one tenth of 
that when a standard tin/lead alloy 
is used. This is because SAVBIT 
Type 1 Alloy reduces the absorption 
of copper from the bit into the alloy, 
extending the life of the bit by up 
to^O times. 


7 LB. REEL 

M m gauges on 7 lb. reels for 

Mul'^ore 5-core Solder 
is also av v/lable on 7 lb. 

1 LB. REEL 

*55^1 Approximately 170 ft. I 

18 s.w.g. Ersin 

?>... . - V; Multicore Savbit Type I 
pVB|f I jjVBl' j j s woun d Q n the 

operative uses a com- 
aratively small quantity of solder at 

SIZE 1 CARTON 

1 1 5 >- each (object) 
i WaiS«T S avbit Type 1 Alloy is 

1 “•Bit also available in cartons 

,’V j containing 53' of 18 
NKNKl&B s.w.g. Ersin Multicore 

Solder is also available 
in 4 other specifications 

| C ! 4013 40;60 13 17 fe«“ 

[cMOLSlbo/to^s-r-ss^H | 

HOME GONSTRUC" »R’S 
\ 2/S PACK 1*^ 

Contains 19ft.of 18 
s.w.g. 60/40 alloy 
wound on a reel or, 
for soldering prin- 
ted circuits, 40 ft. of 

22 s.w.g. 60/40 alloy also 
wound on a reel. 2/6 each (subject). 

Bib WIRE STRIPPER 
& CUTTER ^ 

This 3 in 1 tool strips , M\\W/////) 

insulation, cuts wires \ 

and splits plastic ex- ‘ \ \ 

/N . 

wire thicknesses. 3/6 ■ l _ \ 

each (subject). 

■ ~ ^ •- . 

Bib RECORDING TAPE 
SPLICER 

By providing considerable econo¬ 
mies in tape, this splicer soon pays 
for itself. It makes the accurate 
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